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INTRODUCTION 


HE genetical approach to the problem of pattern determination 

consists in a precise evaluation of the effects of gene substitutions 
upon a given organismic pattern, and an attempt to explain the re- 
sults of such substitutions in terms of fundamental processes. If such an 
approach is to be profitable the pattern studied should be a relatively 
simple one, and should, further, be one which can be considered in a 
variety of genetical and environmental backgrounds. Such requirements 





Ficure 1.—Location and names of the bristles of wild-type Drosophila melanogaster and D.fune- 
bris (after PLUNKETT 1926). Distances on this plane surface are proportional to actual distances 
on the curved surface of the fly. The abbreviations given in the figure for the various bristles will 
be employed throughout the text, as follows: a or, m or, p or, anterior, middle, and posterior or- 
bitals; oc, ocellar; i v, o v, inner and outer verticals; pv, postvertical; u h, 1 h, upper and lower 
humerals; ps, presutural; a np, p np, anterior and posterior notopleurals; sp, sternopleurals; a sa, 
p sa, anterior and posterior supra-alars; a dc, p dc, anterior and posterior dorsocentrals; a pa, p pa, 
anterior and posterior postalars; a sc, p sc, anterior and posterior scutellars; T S, transverse suture, 
S G , scutellar groove. 


are met by the thoracic bristles of Drosophila (figure 1). Each of these is 
the outgrowth of a single epidermal cell. They all have a characteristic 
position and size, both of which may be wideiy altered by various genetic 
factors. 

Studies intended to elucidate the nature of normal and mutant bristle 
patterns have in the main utilized genes which have as one of their chief 
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effects the removal of bristles. From the relative frequency of occurrence, 
in a mutant, of the various bristles which are a constant feature of the 
normal pattern, and from the associations between the variable bristles 
of this mutant, conclusions as to the processes underlying certain patterns 
have been reached. As investigations in point may be cited the work on 
Dichaete (PLUNKETT 1926) and the studies on the scute series of alleles 
(DUBININ 1929, STURTEVANT and SCHULTZ 1931, GOLDSCHMIDT 1931, 
CHILD 1935, IVES 1939). 

Only a few pattern studies have involved flies with supernumerary 
bristles. Chief among these is that of MAcDOowWELL (1915), who in an 
investigation of the occurrence of extra bristles in the dorsocentral region 
was unable to detect any regularity in their distribution. The studies 
reported in this paper also concerned flies with supernumerary macro- 
chaetae. The use of such flies makes it possible to analyze certain bristle 
pattern problems which cannot be attacked when bristle-removing genes 
are employed. In this investigation the emphasis has been not only on the 
determination of the numbers of bristles present at the various loci and 
their associations, but more particularly on answering two other questions 
which have an important bearing on the pattern problem. These are: 1) 
what is the exact position of extra bristles, and 2) what is their size? 

An abstract of this work has already been published (NEEL 1939). 


MATERIAL AND METHODS 

Five different genotypes have been studied: wild type and Pch/Pch of 
Drosophila funebris; wild type, pyd/pyd, and y Hw dl-49 Theta/y sn* bb 
of D. melanogaster. The three mutant conditions agree in that super- 
numerary macrochaetae are present on the thorax. Of the various bristle 
groups affected by the mutants, the dorsocentrals and scutellars can 
most conveniently be precisely analyzed and so these two groups have 
been studied chiefly. 

All flies were raised at 24.0+0.5°C in half-pint milk bottles, Drosophila 
funebris on banana-agar and D. melanogaster on standard cornmeal- 
molasses-agar. Two or three pairs of flies were introduced into a bottle 
and allowed to remain there seven to eight days. Only the offspring 
which appeared during the first three days of emergence was used. All 
stocks were highly inbred. 

Flies of the desired genotype were soaked in saturated KOH for two 
hours at 60°C. The dorsum of the thorax was then dissected off, dehy- 
drated, cleared, and mounted in balsam under sufficient pressure to flatten 
it. A camera lucida drawing which included the dorsocentral and, in some 
cases, scutellar bristles and the scutellar groove was made of each suitable 
mount. The inclusion of the scutellar groove made it possible to establish 











BRISTLE PATTERNS IN DROSOPHILA 253 


the position of each of the bristles with reference to a definite morpho- 
logical landmark. There are present on the dorsum of the thorax, ex- 
clusive of the scutellum, small microchaetae or hairs; certain of these were 
included in the drawing. By rolling a small calibrated wheel along the 
somewhat curved outline of a bristle or hair as drawn, its length in micra 
could be determined. In order to determine the exact position of the 
dorsocentrals in wild-type flies, a line was drawn from the base of the 
a dc to the base of the p dc and extended posteriorly until it intersected 
the scutellar groove (figure 1). This line will henceforth be referred to as 
the dorsocentral line. The distance of either the a or p dc from the scutellar 
groove was determined by measuring along this line from groove to 
bristle. The same or slightly modified procedures were used in determining 
bristle positions in mutant patterns. 

The need of an abbreviated nomenclature for the dorsocentral bristles 
when several extra ones are present in the dorsocentral line was met in 
the following manner. In the normal thorax, where there are two dorso- 
centrals on a side, the p dc is designated as B1 and the a dc as Bz. The 
distance of Bi from the scutellar groove is L1; the corresponding distance 
of B2, L2. Ina mutant thorax where, for example, there may be four dorso- 
centrals, the one nearest the scutellar groove is Br and that most distant, 
B4. The intervening bristles are B2 and B3. The distances of B1 through 
B4 from the groove, as measured along the dorsocentral line, are Lr 
through L4. A similar nomenclature was used for designating the hairs 
found in the dorsocentral line. 

In the determinations of the positions and lengths of these bristles, 
there are several possible sources of error, notably 1) failure of the thorax, 
or a bristle on it, to be well flattened on the slide, 2) lack of exact cor- 
respondence between the camera lucida drawing and the structure studied, 
and 3) slight inaccuracies in the measurement of the camera lucida draw- 
ing. The total error from these three sources probably does not exceed 
seven percent for any single measurement; such maximal errors musi be 
rare. Since the figures given in the following tables and diagrams are the 
mean of a number of flies, and since such errors as do exist are quite com- 
parable and consistent from pattern to pattern analyzed, it seems im- 
probable that inaccuracies of measurement contribute in any way to the 
differences between patterns to be reported here. 


EXPERIMENTAL DATA 


The normal bristle patiern in Drosophila funebris 


In order to have a standard of comparison with mutant types, as well 
as to determine the degree of constancy in the size and position of the 
dorsocentrals in the wild-type, a study was made of 52 half-thoraces from 
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wild-type Drosophila funebris females. The results are summarized in 
table 1 and graphically shown in figure 2. In figure 2, at the distance 
from the scutellar groove found to be the mean Li and Lz, heavy lines 
have been erected the heights of which correspond to the lengths of Br 
and Bz. The four small, light lines represent the most posterior of the 
hairs normally present in the dorsocentral line. Morphologically these 


TABLE I 


The mean positions and lengths in micra of the dorsocentral bristles and hairs of wild-type 
Drosophila funebris females. 











MEASUREMENT M om o MEASUREMENT M om o 
a. Bristles 
Li 178.8 1.4 9.8 Br 513-4 2.9 20.7 
L2 403.4 2.8 19.8 B2 378.2 2.4 17.0 
b. Hairs 
lr 242.9 2.1 18.2 hr 102.9 1.6 11.7 
l2 454.0 3-3 23.5 h2 87.1 2.8 20.4 
13 511.0 3-8 27.0 h3 126.7 2.5 18.0 
14 558.7 4.0 28.3 h4 97-5 2.7 19.1 





microchaetae differ from the macrochaetae only in size. The figure is in 
effect a schematic representation of a parasagittal section through the 
dorsocentral line of a typical, flattened thorax. Each of the mean measure- 
ments given in table 1 is not necessarily based upon exactly 52 half- 
thoraces, since sometimes a slight imperfection in a mounted thorax made 
it impossible to secure a given measurement. This is also true for the other 
patterns. 

The hairs anterior and lateral to the three figured in front of the a dc 
have not been studied in detail, but it has been observed that these three 
are only the first in a row of large hairs extending well forward on the 
dorsum of the thorax. This is characteristic of the species (STURTEVANT 
1921). 

From table 1 it can be seen that there is considerable variability in the 
absolute values of L1 and L2. The outstanding possible causes of this are: 
a) errors of the method, b) variations in individuals with respect to the 
size of the thorax, and c) a real variability among equally sized flies with 
respect to the measurements in question. That size variations in the popu- 
lation are an important contributing factor to the standard deviations 
obtained can be ruled out. Thus, one would expect that the larger the fly, 
the further both bristles should be from the scutellar groove and from one 
another. Therefore, in a population, size variations among individual fiies 
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should establish a significant correlation between the measurements L1 
and (L2—L1). Since the correlation between these measurements is actu- 
ally 0.072+ 0.137, it is obvious that under the present conditions the posi- 
tion of one bristle is independent of that of the other. Consequently, 
individual size differences probably do not contribute heavily to the ob- 
served standard deviation. The relative importance of experimental errors 
and positional variability cannot be determined at present. 
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FIGURE 2 (upper left).—A schematic parasagittal section through the dorsocentral line of a 
typical Drosophila funebris wild-type female, showing the distribution and size of the hairs and 
bristles. For further explanation see text. 

FicurRE 3 (upper right, lower left and right).—The distribution and size of the bristles and 
hairs of the dorsocentral line of D. funebris Pch/Pch females, when two, three, or four dorsocen- 
trals are present per side. Where a hair is an inconstant feature of a pattern, it is indicated by a 
dotted line. Details in text. 


A clear tendency for the sizes of the two bristles to vary in the same 
direction was found; the coefficient of correlation between the lengths of 
Br and Bz2 is 0.578+0.100. What factors contribute to this synchronous 
variation is not yet evident. The most obvious explanation, that in large 
flies both bristles are longer than in small ones, is scarcely satisfactory in 
view of the absence of correlation between L1 and (L2—L1), unless these 
bristles are much more sensitive to gross size changes than are the thoracic 
dimensions studied. 
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Polychaeta in Drosophila funebris 


In homozygous condition the autosomal semi-dominant mutant Poly- 
chaeta (Pch) of Drosophila funebris is characterized in the stock employed 


TABLE 2 


The mean positions and lengths of the dorsocentral bristles and hairs of Pch Drosophila funebris 
females, when two, three, or four of these bristles are present per side. In no case have the o and om 
of a measurement been calculated when the number of cases available is less than twenty. 





MEASUREMENT M om o MEASUREMENT M om o 





1. The two-bristled pattern 


a. Bristles 
Li 177.4 1.6 9.4 Br 542.8 3.2 18.4 
L2 437.6 2.9 16.8 B2 402.2 3.6 20.6 

b. Hairs 
Ir 262.1 s.2 17.5 hi 117.5 2.7 15.4 
l2 504.4 3.9 21.1 h2 106.1 6.0 31.6 
13 581.3 4-7 25.6 h3 162.0 5.0 27.4 
14 653.6 4-3 22.5 h4 120.0 4-7 24.7 

2. The three-bristled pattern 

a. Bristles 
Li 174.3 1.4 9.1 Br 538.9 4.9 31.4 
L2 415.7 4.2 27.4 B2 402.2 3-9 26.4 
L3 553-0 4-7 31-5 B3 315-7 7.1 46.8 

b. Hairs 
lr 241.0 a3 19.5 hi 118.6 3-3 91.1 
l2 463.7 4-9 29.9 h2 97-2 3-4 20.5 

(present in 88.6 percent of the cases) 
13 610.0 5-8 35-3 h3 114.8 5-5 33-4 
3. The four-bristled pattern 

a. Bristles 
Li 169.4 2.7 8.4 Br 489.2 14.8 71.2 
L2 306.7 7.2 34.5 B2 362.2 II.1 52.0 
L3 470.8 5.6 26.8 B3 392.1 4-3 20.7 
L4 583.3 5.4 25.9 B4 266.7 10.9 45.1 

b. Hairs 
lr 214.7 hr 98.0 
(present in 11.1 percent of the cases) 
l2 349-7 h2 96.5 
(present in 38.9 percent of the cases) 
13 505.1 h3 103.8 
(present in 83.5 percent of the cases) 

14 633.2 h4 118.0 


(always present, but difficult to measure accurately) 





by the presence of two to five dorsocentrals per side per fly. Rarely an 
extra humeral is also present. The supernumerary dorsocentrals are found 
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in the dorsocentral line or an extension of it. Dorsocentrals were not com- 
monly found anterior to the level of the transverse suture; those rare ones 
which did appear in this region were not included in the study. There was 
observed a continuous gradation from large hairs through small bristles 
to large bristles. Arbitrarily, setae are considered microchaetal if less than 
20ou in length, and macrochaetal if longer. 

Of the 102 Pch female half-thoraces drawn, 34 showed only two dorso- 
centrals. The mean locations and sizes of the bristles and hairs in these 
cases are given in table 2 and figure 3a. Comparison of this figure with 
figure 2, the wild-type pattern, reveals a great similarity between the two. 
However, every distance and length in the Pch flies is greater than the 
corresponding measurement in the wild-type. In order to determine 
whether differences in mean fly size play a role in this difference between 
the patterns, wild-type and Pch flies were raised under identical conditions. 
The average weight of 90 Pch females with only two dorsocentrals on one 
or both sides (usually the latter) was 2.18 mg. The average weight of 85 
wild-type females was 1.94 mg. It will be noted that the heavier of the 
two kinds of flies is the one in which the chaetae are further apart and 
longer. In addition to the general size factor, there seems to be at least 
one specific distinction between the two patterns. The hairs anterior to 
B2 are not only absolutely but also relatively further apart than in the 
wild-type pattern, and one, the middle of the three, is longer. Otherwise, 
the patterns appear to be identical and will be treated as such in the 
following. 

In a previous paper (NEEL 1940) it has been shown that in the case of a 
Drosophila melanogaster mutant, polychaetoid, which is morphologically 
very similar to Pch, there is a correlation between fly size and the number 
of dorsocentrals present per side. It seems probable that Pch behaves in 
a similar manner. This has a direct bearing upon the present studies. If 
Pch half-thoraces with two dorsocentrals are associated on the average 
with smaller flies than half-thoraces bearing three or four dorsocentrals, 
then too much emphasis cannot be placed upon a direct comparison of 
the measurements of these various patterns. While such comparison un- 
doubtedly reveals in a general manner similarities and differences between 
various measurements, it cannot take into account the greater size of 
flies with higher bristle numbers. 

The results of a study of 44 half-thoraces bearing three dorsocentrals are 
found in table 2 and figure 3b. In such cases Br corresponds in size and 
position to the normal Br, and Bz2 is similar to the normal Bz. B3 is 
found some 120p anterior to the wild-type Bz, near the normal locus of a 
large hair, and is in general shorter than B2; there is great variability in 
its length. A hair is found just ahead of the bristle in the p dc position, as 
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in the wild-type pattern, while between Bz and B3 there is usually (88.6 
percent of the cases) found a second small hair, about the size of that 
normally directly in front of the a dc. There is, of course, a row of hairs 
anterior to B3, of which only the first is shown. Where a hair is an in- 
constant feature of a pattern, it is represented in this and subsequent 
figures by a broken line. 

Occasionally (ca. 10 percent) 2 three-bristled condition has been ob- 
served in which bristles are present in the a and p dc positions, with the 
third located between these two. So far the number of cases is insufficient 
for analysis. However, a similar condition has been observed in D. melano- 
gaster pyd and will be discussed below. 

When four dorsocentrals are present per side (table 2 and figure 3c), Br 
and B3 are in approximate correspondence with the normal positions and 
sizes of the p and a dc respectively. Bq is similar to B3 of the three-bristled 
cases, while B2 is about intermediate between the normal a and p dc 
positions. Both B4 and Bz2 are quite variable in size. The occurrence of 
hairs in the dorsocentral line differs among individuals; the frequency of 
appearance of one between Br and B2, B2 and B3, and B3 and Bg is 
given in table 2. 

Each of the bristles present in four-bristled flies has a characteristic 
size, resulting in 2 posterior-anterior size sequence of long-short-long-short. 
These mean differences between successive bristles along the dorsocentral 
line are fully significant, with the exception of that between B2 and B3, 
which is only 2.5 times the standard error of the difference (29.9+11.9y). 
It is apparent from both this and the three-bristled data that a super- 
numerary macrochaeta anterior to the locus of the a dc is on the average 
much smaller than that latter structure, while one between the positions 
of the a and p dc tends to be smaller than either. 

Table 2 shows that as the number of bristles present on the thorax 
increases, the variability in the size of ail those present rises. Thus, in all 
the patterns investigated Br has been similar in mean size and position 
to the p dc, but for this particular bristle the standard deviation has risen 
from 18.4u through 31.4u to 71.2. 


The wild-type pattern in Drosophila melanogaster 


In table 3 and figure 4 the results of a study of 45 half-thoraces from 
wild-type (Fla) Drosophila melanogaster males are given. As would be 
expected from the size differences between the species, all dimensions of 
the melanogaster pattern are much less than the corresponding funebris 
measurements. Otherwise, the chief distinctions between the species are 
found in the relative sizes of the bairs which precede the a dc. 

The coefficient of correlation between the distances L1 and (L2-L1) is 
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0.384+0.127. In agreement with the conclusions reached earlier, it seems 
probable that size variations from fly to fly are a major contributing factor 


TABLE 3 


The mean positions and lengths of the dursocentral bristles and hairs of wild-type 
Drosophila melanogaster males. 

















MEASUREMENT M om o MEASUREMENT M om o 
a. Bristles 

Li 123.4 1.4 9.2 Br 336.2 24.7 

L2 250.1 2.5 17.0 B2 250.1 2.5 16.7 
b. Hairs 

lr 172.5 2.2 14.9 hi 80.1 1.1 7.9 

l2 301.1 3-4 21.6 h2 82.1 2.0 12.7 

13 335-0 3-9 22.4 h3 80.5 a2 12.5 

14 3973.1 4.0 23.3 h4 67.5 oe 13.2 





in this correlation. Size variations in this stock must therefore be relatively 
greater than in the funebris wild-type stock. The correlation between the 
lengths of Br and Bz2 is 0.739+0.067. 


400 
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FiGuRE 4.—Distribution and size of the dorsocentral bristles and hairs in 
wild-type D. melanogaster males. 


Polychaetoid in Drosophila melanogaster 


The weakiy dominant mutant polychaetoid (pyd, 3—39+2) in homo- 
zygous condition is characterized by the presence of supernumary 
bristles at many different loci. The dorsocentral region is particularly apt 
to be affected. The number of bristles present here may vary from two to, 
rarely, six per half thorax. Usually the extra bristles fall along the dorso- 
central line, and cases where they deviate from the line have not been in- 
cluded in the study. In this mutant, as in Pch of funebris, hairs grade 
imperceptibly into bristles; the arbitrary lower limit for bristle size was 
set at 120n. 

A total of 108 pyd half-thoraces have been drawn, and in addition twice 
that many which due to some imperfection were unsuitable for drawing 
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have been looked over. Only the two-, the three-, and the four-bristled 
conditions have been studied. As pointed out earlier, there is a correlation 
between fly size and bristle number, and for this reason the two- and three- 
bristled conditions are on the average associated with a smaller half- 
thorax than the four-bristled. Comparison of the absolute measurements 
pertaining to the various patterns is only valid when the slight mean size 
differences between the groups of flies studied are kept in mind. 


TABLE 4 


The mean positions and lengths of the dorsocentral bristles and hairs of pyd Drosophila melano- 
gaster males. In no case have the o and om of a measurement been calculated when the number of cases 
available is less than 20. 








MEASUREMENT M Cm a MEASUREMENT M om o 





1. The two-bristled pattern 





a. Bristles 
Li 100.3 $2 6.6 Br 329.2 3.2 17.4 
L2 210.8 2.8 15.2 B2 249.2 3-6 19.8 

b. Hairs 
li 142.3 2.0 II.5 hi 71.6 2.0 11.5 
l2 257-1 3-0 17.9 h2 82.9 2.8 18.0 
13 289.0 3-1 18.5 h3 75.7 a9 16.2 
14 321.0 3.3 19.1 h4 66.4 ee 9.5 

2. The three-bristled pattern 
Type 1. B2 close to Br 

a. Bristles 
Li 96.4 Br 328.6 
L2 128.2 B2 257.0 
L3 224.5 B3 247.9 

b. Hairs 
5 181.2 hr 72.0 
l2 279.0 h2 83.4 
13 310.1 h3 9.2 
14 347.0 h4 66.3 

Type 2. B2 not close to Br 

a. Bristles 
Ix 100.9 z.3 6.9 Br 339.2 5.9 20.4 
L2 192.1 3-8 21.0 B2 263.5 6.5 35.8 
L3 255.0 2.8 15.5 B3 203.5 8.3 45.6 

b. Hairs 
lr 133-5 2.3 10.1 hr 69.2 2.1 9-4 

(present in 67.8 percent of the cases) 
l2 210.4 h2 67.5 
(present in 32.2 percent of the cases) 

13 296.3 3-4 17.2 h3 74-3 1.5 7-4 
14 325.0 3-9 18.1 h4 69.5 4.3 6.2 

* Bs 7 ah 
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TABLE 4——Continued 








MEASUREMENT M om o MEASUREMENT M om o 





3. The four-bristled pattern. Measurements for the predominant (81.5%) type 


a. Bristles 
Li 105.0 ts ‘3 Br 375-6 5.0 28.0 
L2 151.9 3-2 17.8 B2 261.3 12.4 68.1 
L3 228.8 3-4 19.0 B3 289.7 7-4 40.3 
L4 286.6 3.1 17.1 B4 208.7 259 42.2 
b. Hairs 
lr 189.7 hi 66.5 
(present in 43.7 percent of the cases) 
l2 242.4 h2 64.5 
(present in 21.9 percent of the cases) 
13 338.6 3-4 18.2 h3 81.5 1.7 9.3 
14 369.6 4.2 22.0 h4 73-4 re 7.9 





Thirty-one of the half-thoraces drawn bore only the normal number of 
dorsocentrals (table 4 and figure 5a). The only difference between pyd half 
thoraces with two dorsocentrals and the wild-type dorsocentral pattern is 
that all dimensions are less in the former. In agreement with this, micro- 
scopic inspection shows that pyd flies with two dorsocentrals on one or 
both sides are often appreciably smaller than the average wild-type fly 
studied. 

A total of 184 half-thoraces with three dorsocentrals have been observed, 
and of these the 40 which showed no defects were drawn. Al! but three 
cases could be classified into one or the other of two alternative conditions. 
One group of flies (nine of the 40 drawn, 31.6 percent of the total 184 
observed) is represented in table 4 and figure 5b. Comparison with the 
wild type or two-bristled pyd data reveals that in these type 1 cases, B1 
shows a good correspondence to the p dc location, while B3 approximates 
the a dc position. B2 is fouad between the usual p and a dc locations, and 
is very similar in position to a hair in the wild-type pattern. This hair is 
now missing, but a “new” hair is found between B2 and B3. 

The measurements of the remaining three-bristled cases (31 out of 40 
drawn, 66.8 percent of the total 184 observed) are given in table 4 and 
figure 5c. In these type 2 cases Br is found in the normal p dc position, 
B2 is at or somewhat posterior to the usual a dc location, and B3 appears 
some distance anterior te where a bristle normally occurs. In 67.8 percent 
of these cases there is a hair in the normal hr position, between B1 and 
B2, but none between B2 and B3. In the other 32.2 percent the hair be- 
tween Bi and Bz2 is missing, but one is now found between B2 and B3, 
and in these cases B2 is situated rather posteriorly. Anterior to B3 there 
is the usual row of hairs. 
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Although in both of these three-bristled patterns the size of Br remains 
rather constant, that of the other two bristles fluctuates widely. On the 
average, when a macrochaeta comes between the usual positions of the p 
and a dc, it is not very different in size from the latter, while if it appears 
anterior to the position of the a dc it is considerably smaller. 

A total of 119 half-thoraces with four dorsocentrals have been studied, 
of which 37 were suitable for drawing. Four different arrangements of the 
bristles were found: 1) In 81.5 percent (97 cases, 32 drawn) the pattern 
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FiGuRE 5.—The pattern of bristles and hairs along the dorsocentral line in D. melanogaster pyd 
/pyd males, when two, three, or four dorsocentrals are present per side. A hair which is an incon- 
stant feature of a pattern is indicated by a dotted line. 


of the four bristles was very similar (table 4 and figure 5d). Two of the 
four bristles are close to the normal p and a dc positions. Of the remaining, 
one is found between the a and p dc locations, either at or somewhat 
anterior to the position of the small hair which has been described. The 
other is found some distance anterior to the a dc location. A hair has never 
been observed between Br and Bz. In 43.7 percent of the cases there is 
one between Bz and B3, and in 21.9 percent, one between B3 and B4. 
The simultaneous appearance of hairs in both of these positions has never 
been noticed. In the figure, h2 is shown very close to B3. In no individual 
fly was such proximity observed; in those cases where h2 was in this posi- 
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tion, B3 was toward the posterior limit of its distribution. 2) In 10.9 
percent (13 cases) the following was observed: bristles were present in 
approximately the normal a and p dc positions; a third bristle was present 
near where in the wild type h1 is found; the fourth was situated between 
the normal positions of hr and the a dc (figure 6a). 3) A third pattern, seen 
in five cases, was characterized by bristles at the a and p dc locations, the 
appearance of a bristle anterior to the a dc position, and the appearance 
of a bristle very close to the p dc locus. In these cases the basal rings of 
Bi and Bz2 were often in contact (figure 6b). 4) In a fourth pattern (four 
cases) B1 was in the p dc position; Bz appeared somewhat posterior to the 
a dc location; B3, anterior to this locus; and B4 about 200 from the p de 
position (figure 6c). The three patterns shown in figure 6 are semi- 
diagrammatic. 
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Ficure 6.—Three additional patterns of the dorsocentrals when four are present per side in 


pyd/pyd D. melanogaster males. These together constitute 18.5 percent of all the four-bristled 
cases. Details in text. 


In all of these four-bristled patterns it was found that bristles in the 
p or a dc locations tend to be larger than those located between these 
points, or anterior to the a dc location. Thus, the length differences be- 
tween the bristles shown in figure 5d are all significant except that between 
B2 and B3, which is equal to two times the standard error of the difference 
(28.4+14.4u). In this respect the pattern is very like the four-bristled 
Pch funebris arrangement, and serves to indicate that the size of a bristle 
is related to its location in the dorsocentral line. 

In order to determine the relation between the number of dorsocentrals 
present on both sides of the fly and their total length, pyd male flies 
showing a wide range in bristle numbers were obtained by collecting from 
the same set of stock bottles over a 21 day period. Figure 7 shows that 
each bristle number tends to be characterized by a distinct range of total 
bristle lengths, although there is a definite overlap between the length 
distributions of consecutive bristle numbers. The observed overlap may 
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be due in part to errors in the evaluation of total bristle length. If the com- 
bined length of the dorsocentrals is an index of the amount of some 


J 


hypothetical “bristle-forming” substance present, then it seems that in 
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Figure 7.—The relation between the total number of dorsocentrals present in pyd/pyd males 
and their combined length. Each point on the figure represents a single fly. 


this mutant new bristles are called forth at regular intervals as the amount 
of bristle-forming substance increases. 


Hairy wing in Drosophila melanogaster 


Flies which are either homozygous or heterozygous for the dominant 
mutant Hairy wing (Hw, 1-0.0) possess extra hairs and bristles on the 
body and wing surfaces. DEMEREC and HOOVER (1939) have shown the 
Hw factor to be a short duplication for the salivary chromosome band 
1 B 1.2. The expression of the factor was studied in y Hw dl-49 Theta/ 
y sn® bb females. Since it is known that the Theta duplication contained in 
this stock by itself has a slight tendency to produce extra bristles, the 
appearance of supernumerary macrochaetae in these females cannot be 
attributed solely to the Hw factor. Unlike the patterns already considered, 
when supernumerary macrochaetae are present in the dorsocentral region 
they do not tend to fall along the dorsocentral line, but may show wide 
deviations from it. By using the midline and scutellar groove of these flies 
as the two axes of a rectangular system of coordinates, the position of each 
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bristle within the dorsocentral area could be expressed by two measured 
distances, namely, the distance from the scutellar groove and the distance 
from the midline. A sample case is shown in figure 8a. 

In a wild-type Drosophila, and in Pch and pyd, there is a quadrilateral 
area between the dorsocentrals, on one hand, and the a sa, the p sa, and 
the a pa, on the other, in which macrochaetae are not present (see figure 
1). In these Hw flies, bristles occur at almost any point in this region. 
Since the investigation concerns dorsocentrals and bristles which clearly 
arise in closer proximity to these than to any others, it becomes necessary 
to delimit a “dorsocentral area.” This nas been defined as shown in figure 
8b. It is bounded medially by the midline; posteriorly, by a line parallel 
to the scutellar groove and 55 anterior to this landmark; anteriorly, by 








FiGuRreE 8a (left).—The dorsocentral bristles in a typical y Hw dl-49 Theta/ y sn bb female. The 
lines drawn on the camera lucida drawing of the thorax in order to determine the position of each 
bristle are shown; the most lateral bristle on either side is slightly outside the “dorsocentral area.” 

Ficure 8b (right).—The “dorsocentral area” in D. melanogaster. The heavy line indicates the 
limits of this area, while the dotted lines show the levels into which the area was divided. Dimen- 
sions involved given in the text. 


a second line parallel to the groove, 38ou in front of it; while the lateral 
boundary parallels the midline at a distance of 195u from it except in the 
posterior 354 of the area, where the lateral boundary is 15ou from the 
midline. The notch thus formed in the posterior-lateral corner of the 
area excludes from consideration bristles close to the p pa. 

Figure go shows an anterior-medial view of a model of the area. The 
position and height of each bristle observed in this region on the 46 Hw 
half-thoraces studied is indicated in the figure by an insect pin. The 
standard of macrochaetae length used here was 1ooy rather than the 120p 
of pyd because of the smaller size of these Hw flies. From the model, a 
number of facts are evident. 1) There are two locations where there is a 
high frequency of occurrence of bristles. These are marked in the figure 
by arrows. These spots correspond to the positions of the normal p and a 
dc. Bristles found here tend to be larger than those found elsewhere. 2) Be- 
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tween the a and p dc locations, and medial to the p dc position, bristles 
also occur frequently and tend to be small. A few scattered macrochactae, 
also small, were seen anterior to the a dc locus. 3) Bristles are more fre- 
quently found close to the midline in the posterior portion of the area than 
in the anterior. 

The dorsocentral area was divided into four levels by lines drawn 
parallel to the scutellar groove at points 125, 195, and 265 anterior to 
it (see figure 8b). In a wild-type fly, the p dc would be found in the first 
subdivision and the a dc in the third. For each level, the length of every 
bristle present was-correlated with its distance from the midline. In each 
of the three posterior levels, a significant coefficient of correlation (r) was 
found. In level 1, r equals 0.836+0.037; in level 2, 0.451+0.123, and in 
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FIGURE 9.—The distribution and size of the bristles observed in the “dorsocentral 
area” of y Hw dl-49 Theta/ y sn* bb females. 


level 3, 0.7110.076. The number of bristles present in the fourth level 
is too small for a calculation of r. Nevertheless, it seems clear that through- 
out the dorsocentral area bristle length tends to be an inverse function of 
nearness to the midline. 

If one subdivides each level into a more median (o-100u) and a more 
lateral (100-195) zone one finds that each of the four latter is character- 
ized by a significantly different mean bristle length as follows (proceeding 
anteriorly) : 276.7+ 3.9u, 179.5+6.3u, 220.7+5.3u, and 202.8. In the last 
level no standard error of the mean has been calculated because of the 
small number of cases (17). The long-short-long-short sequence of mean 
bristle sizes in the lateral halves of the four levels is quite comparable to 
that observed in four-bristled pyd and Pch flies. The occurrence of extra 
bristles in the median zones is rare except in the most posterior level. 
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Those found here have a mean size similar to that of the bristles in the 
lateral zone of level 2. 


The scutellar bristle pattern in pyd 
Drosophila melanogaster 


The question of whether extra bristles in another area of the thorax 
are subject to the well-defined position and size tendencies shown by 
those in the dorsocentral region was next investigated. The scutellum in 
pyd males was studied, since ‘t is available for an accurate analysis and is 
often marked by extra bristles. 

In pyd flies there may be none, one, or two extra scutellars per side. 
When there are no supernumerary bristles the pattern is in no respect 
different from the wild type (figure 10a, based on 21 cases). If only one 
extra macrochaeta is present, it is characteristically found close to either 
the a sc or psc position, and only occasionally intermediate to the two loci. 





FicurE 10.—The pattern of the scutellar bristles in pyd/pyd males 
which have either two or three of these per side per fly. 


Accordingly, on the basis of the position of the extra bristle—whether it 
is close to the a sc or p sc location—two types of pyd flies with one extra 
scutellar can be distinguished. When the supernumerary macrochaeta is 
close to the a sc locus, the average relationship of the three bristles now 
present is indicated in figure rob (28 cases). As regards position, neither 
of the two anterior bristles corresponds to the a sc, since one occurs some 
20qu anterior to the normal location and the other an equal distance pos- 
terior. With respect to size, the posterior of the two is very like the normal 
a sc, while the more anterior is characteristically smaller. This is a regular 
difference, comparable to the size-place relationships seen in the dorso- 
central region. The third bristle resembles the p sc. Figure 10c shows the 
average of 13 cases where the supernumerary scutellar is in the p sc region 
(no om is given because of the small number of cases). The anterior of the 
three bristles now present resembles the a sc; the most posterior is similar 
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to the p sc; while the middle, although similar in size to the p sc, is some 
40p anterior to the wild-type position of this macrochaeta. These two extra- 
bristled positions are not the average of wide deviations about a mean, 
but are rather constantly adhered to in any given case. Only a few flies 
with four scutellar bristles on one side have been found; in these instances 
one extra bristle was in the a sc region and the other anterior to the p sc 
location. 
The innervation of supernumerary bristles 


STERN (1938), using the methylene blue technique of intravitam stain- 
ing, found that each hair and bristle of Drosophila is innervated by a sepa- 
rate bipolar cell situated below the hypodermis. From each nerve cell one 
short fiber is sent to the base of the seta, while the second long fiber joins 
with similar long fibers from other cells into nerves which lead to the 
central nervous system. A cell innervating a bristle is larger than one in- 
nervating a hair. It was noted that the nerve cell supplying the a dc 
sends its axon directly anteriorly to join a rather small nerve trunk, while 
the axon of that innervating the p dc runs posteriorly and laterally to 
join a large trunk. 

In order to determine what the relation is between bristle and nerve 
patterns, the source of innervation of the supernumerary dorsocentrals of 
pyd flies was studied by means of the methylene blue technique. It was 
found that with very few exceptions, nerve cells supplying bristles at the 
p dc position or between the normal a and p dc positions send 
their axons to join the large posterior trunk to which the nerve cell 
of the p de normally contributes. The axons of nerve cells connect- 
ing with bristles at or anterior to the a dc position joined the same 
trunk with which the nerve cell of the a dc normally establishes connec- 
tions. This is true regardless of the exact pattern of the bristles, that is, 
in type 2 three-bristled pyd (figure 5c), when B2 was found as far forward 
as the normal a dc, it was innervated from the front, but otherwise, from 
the rear. A specific bristle pattern is not correlated with a particular type 
of bristle innervation. 


The development of the bristles 


It has been seen that whenever more than the normal number of dorso- 
centrals are present, and particularly in Pch and pyd when four are found 
on one side, characteristically the largest are found in or close to the 
normal p and a dc positions. Likewise, large differences are observed in the 
size of the various bristles composing the normal pattern. A relation be- 
tween the position on the thorax of a bristle and its size is evident. Two 
possibilities concerning the nature of this size restriction present them- 
selves. 1) All the bristles may appear at the same stage in development but 
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grow at rates which differ from region to region of the thorax, or 2) those 
bristles which are to be the largest may begin to differentiate first and 
retain their initial advantage throughout development. According to this 
latter hypothesis, the size differences between hairs and bristles might be 
due to a later onset of development in the former. 

ROBERTSON (1936), working on Drosophila melanogaster, reported that 
“the mechanism of formation of hairs and bristles appears to be identical, 
both being formed at the same time” (p. 365). According to this author, 
at 25°C the trichogenic cells which enter into the formation of bristles may 
first be seen about the twenty-seventh hour of pupal life; the bristles ap- 
pear shortly after the thirtieth hour as colorless extensions of the trichogen. 
The abdominal bristles appear a little later than those on the anterior part 
of the body. 

Mr. HARRISON STALKER of this laboratory has kindly placed at my 
disposal a series of slides of early wild-type Drosophila pupae. RoBERT- 
SON’S observations with respect to the time of appearance of the macro- 
chaetae were confirmed. The bristle-forming trichogens could be located 
at an earlier hour than the hair-forming, but the smaller size of the latter 
militates against their being seen. Likewise, although the initial outgrowth 
of both hair and bristle-forming cells is colorless, the smaller size of the 
former makes it much more difficult to identify. For this reason it has not 
been possible to determine with certainty whether hairs and bristles appear 
simultaneously; there may be a slight difference, with bristles appearing 
first. No difference in the order of appearance of the various thoracic 
bristles has been established, although inequalities in adult bristle length 
are foreshadowed at an early stage in pupe” development. If the hairs and 
bristles do not appear simultaneously, then the time interval between the 
formation of each must be small. 


The effect of these mutants upon the 
bristle pattern as a whole 


PLUNKETT (1926) in an extended analysis of the Dichaete mutant 
showed that the bristle-removing effect of this factor was strongest in the 
vicinity of the ps bristle. As distance over the thorax from this locus in- 
creased, the effect of the gene tended to decrease, although in a somewhat 
irregular manner. It was further found that three other bristle-removing 
genes showed a region or regions of maximum effect. RoxizKy (1930) 
reports similar findings. 

Hw, Pch and pyd have been investigated with regard to an area of 
maximum effect. Since Roxizky has already reported on Hw, no reanalysis 
of this mutant was undertaken. His observation, that extra bristles occur 
most frequently in the dorsocentral region, has been confirmed. The Pch 
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mutant is extremely localized in its action in the stock employed. Extra 
bristles, common in the dorsocentral region, have been observed at only 
one other locus, the humeral, and there but seldom. However, N. W. and 
H. A. TrmoFEEFF-RESSOVSKY (1934) and N. W. TIMOFEEFF-RESSOVSKY 
(1935) have shown that the mutant under suitable conditions may remove 
bristles, and have found that in one of their stocks the greatest bristle- 
adding effect of the gene is on the anterior dorsum of the thorax whereas 
in another it is on the posterior portion of this region. 

The pyd factor is quite general in its effects. In figure 11 the average 
number of bristles present at or near each of 20 loci, on 100 half-thoraces, 
has been indicated. At only four of these loci have extra bristles never 
been found. The maximum effect of the gene is on the dorsocentrals, with 





FiGurE 11.—The frequency of occurrence of bristles in 
pyd/pyd males at or near each of twenty loci. 


scutellar, presutural, and humeral bristles also frequently affected. (Inas- 
much as it was often found impractical to distinguish a supernumerary 
macrochaeta as u h or 1h, these two loci have been treated as one.) 

In an attempt to explain this characteristic ‘field effect’ in the case of 
Dichaete, PLUNKETT (1926) has postulated that during early embryonic 
development a peicursor of a catalyst of a bristle-destroying reaction dif- 
fuses out from two bilaterally symmetrical centers in the egg. These cen- 
ters correspond to the region of greatest effect of Dichaete in the adult. In 
explanation of the pattern of missing bristles seen in scute flies, StURTE- 
VANT and ScHuLtTz (1931) and GoLpscHMIDT (1931) have likewise ad- 
vanced hypotheses calling for diffusion from one or several centers. 

However, MULLER (1932), from data accumulated in the Austin labora- 
tory on gynandromorphs involving various scute alleles, has concluded 
that “the development of the bristles, insofar as it is under the influence 
of the scute gene, is not governed by one or a few centers, but is in its 
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major features autonomous at the site of each bristle” (p. 250). Carp 
(1935) found in scute flies a complete absence of association between the 
bristles of the same side, as measured by the association coefficient. He 
therefore concluded that the concept of a pattern in scute was based upon 
nothing more than a difference in mean numbers, in a group of flies, of dif- 
ferent bristles, and did not correspond to any coordinating developmental 
process in the individual fly (such as a diffusion phenomenon). Ives (1939) 
has reported similar findings. However, in Dichaete flies high association 
coefficients between adjacent bristles were reported (PLUNKETT 1926). 

The 15 possible association coefficients between the six bristle loci 
(humeral, ps, a dc, p dc, p pa, and a sc) most frequently affected in pyd 
male flies have been calculated. The u h and 1 h have been treated as one 
in the calculation of the coefficients. For none of the 15 possible combina- 
tions of these loci was there found a significant association coefficient. As 
in CuILp’s studies, so here it may be concluded that each bristle locus 
behaves independently of the others. 


TABLE 5 


Right-left correlation coefficients for all combinations of the humerals, ps, a dc, p dc, p pa, and a sc 
in pyd male flies. The 100 jiies used in the derivation of these correlations were raised under slightly 
adverse cultural conditions. 





























LEFT SIDE 

humerals ps a dc p de p pa asc 
oe a 0.352 0.061 0.001 —0.042 0.126 —0.173 
- +0.088 +0.099 +0.100 +0.100 +0.098 +0.097 
—0o.100 0.156 0.065 —0.040 —0.038 0.155 
” +0.099 +0.098 +0.099 +0.100 +0.100 + .0098 
RIGHT d 0.039 0.093 0.173 0.124 0.142 0.096 
SIDE . +0.100 +0.099 +0.097 +0.098 +0.008 +0.099 
es 0.020 —0.104 0.064 0.376 —o.III 0.013 
P +0.100 +0.099 +0.099 +0.086 +0.099 +0.100 
—0.038 0.187 0.110 0.168 0.058 0.024 
athe +0.100 +0.096 +0.099 +0.098 +0.099 +0.100 
ai —0.202 0.034 0.013 0.002 0.035 0. 289 
, +0.096 +0.100 +0.100 +0.100 +0.100 +0.092 





Nevertheless, there are indications that in pyd flies the appearance of 
extra bristles at the various loci affected is not governed by chance alone. 
One hundred male flies were taken from a lot subjected during develop- 
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ment to overcrowding. Six bristle loci were studied: humeral, ps, a dc, 
p dc, p pa, and a sc. For every locus, the coefficient of correlation for the 
presence of extra bristles at it and at each of the six loci on the opposite 
side was calculated. Thus, a total of 36 coefficients was derived (table 5s). 
In three instances significant left-right correlations were found. In each of 
the three cases, the correlation was between homologous bristles on the two 
sides, rather than between non-homologues. The implications of this are 
clear. The two half-thoraces which together constitute the right and left 
halves of a single fly have developed under as nearly identical conditions 
as can be obtained. The environmental conditions which tend to produce 
an extra bristle at one locus tend also to produce an extra bristle at the 
corresponding locus on the other side. 


DISCUSSION 


The data presented in the last section show that in pyd flies the macro- 
chaetae found at or near a given bristle locus vary independently of those 
found at nearby loci. A similar independence of the bristle loci has been 
noted in Pch and Hw. This finding justifies a study of a few bristles or 
groups of bristles as a means of getting at the manner of action of these 
mutants. 

The position of the bristles 


In a consideration of the positions of the bristles composing the various 
patterns seen for each mutant, two possibilities at once present themselves. 
1) The various patterns of, for example, pyd flies may be related to one 
another in the sense that a given bristle or hair of one pattern corresponds 
to (is homologous with) a bristle or hair of another pattern. 2) It is also 
possible that the different patterns are in no wise related to one another, 
but that each represents a totally different expression of the activity of 
the gene. 

In every mutant pattern studied, there is a bristle which shows an ex- 
cellent correspondence to the p dc. For instance, B1 of the three- and four- 
bristled pyd patterns closely resembles Br of two-bristled pyd (figure 5), 
and this latter, we have seen, corresponds to the normal p dc (figure 4). 
The same similarity of Bx to the p dc is true of all Pch patterns (figure 3). 

Likewise, in every mutant pattern a bristle resembling the a dc is found, 
although this resemblance is not as close as that noted for the p dc. Thus 
the position of B2 in the two-bristled Pch dorsocentral pattern may be 
compared with that of B2 in the three- and B3 in the four-bristled pat- 
terns (figure 3). In every case there is an approximate correspondence to 
each other and to the normal a dc. However, the exact mean distances of 
the three bristles from the scutellar groove are the following: in two- 
bristled, 437.6+ 2.9u; in three-bristled, 415.7-+4.2u; and in four-bristled, 
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470.8+ 5.6u. These significantly different pesitions cannot be explained in 
terms of mean size differences; if this were the case B2 of the three- 
bristled pattern should be intermediate to the other two in its distance 
from the scutellar groove. Therefore, if these three bristles are homologous, 
some factor in development other than size has brought about significant 
shifts from pattern to pattern in the mean positions of the chaetae-forming 
cells involved. 

Another example of an approximate correspondence of a bristle of a 
mutant pattern to the normal a dc is provided by Bz of the type 2 three- 
bristled pyd condition (figure 5c). This bristle differs from the normal a dc 
chiefly in that its mean location is 18.4+ 4.74 posterior to the normal posi- 
tion. In individual cases the location of the bristle is rather variable. On 
the assumption, in some instances, of a posterior shift in the chaeta- 
forming cell involved, it could be identified with B2 of the normal pattern. 
Such an assumption, although appealing, has at present no supporting 
evidence. 

Comparisons of several of the mutant patterns with wild type reveals 
a striking coincidence between the position of a hair in the wild type and 
the position of a bristle in a mutant pattern. Thus, B3 of the three-bristled 
Pch pattern (figure 3b) shows a correspondence to the large hair normally 
found anterior to B2 of wild type and two-bristled Pch flies (figures 2 and 
3a). As another example, B2 of the type 1 three-bristled pyd dorsocentral 
pattern (figure 5b) resembles in position hi of the wild-type pattern, and 
when this bristle is present, h1 is missing. B2 of the predominant four- 
bristled pattern (figure 5d) also is located where hr normally is found. The 
agreement in position is so striking that it seems to call for some kind of 
causal interrelationship; it seems quite probable that the anlage which 
would normally form a hair may on occasion hypertrophy and form a 
bristle. 

There are, on the other hand, instances of bristle occurrence where there 
is no correspondence to a hair or bristle of the normal pattern. Thus B2 
of four-bristlec Pch (figure 3c) does not closely resemble any feature of the 
normal pattern. 

H. A. and N. W. Trmoreerr-REssovsky (1934) in their study of Pch 
found that the first extra dorsocentrals to appear usually came between the 
a and p dc positions. When many extra bristles were present on the an- 
terior dorsum of the thorax, no bristle was found in the p dc locus. They 
suggest, without making a detailed study, that Pch may cause hyper- 
trophy of hair anlagen. 

Since in levels 1 and 3 of the dorsocentral area of Hw flies there are found 
macrochaetae corresponding to the p and a dc, respectively, it seems that 
the effect of Hw is to add bristles to the normal pattern rather than to 
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substitute an entirely rew pattern. It is noteworthy that in this mutant 
the relations of an extra bristle in the dorsocentral region to the surround- 
ing hairs are similar to the relations of a hair occurring in the same region 
to the other hairs. The data do not permit a decision as to whether hair 
anlagen hypertrophy into bristles, or whether bristles may occur at any 
point on the thorax in complete independence of the hair pattern. The 
latter alternative would require that with the determination of the occur- 
rence of a bristle at any one point there follows a rearrangement of the 
hair anlagen about that place, so that the distances between hair and 
bristle are still of the order characteristic of those between two hairs. 

In the final analysis, any decision between the two possible explanations 
of the positions of the bristles suggested above is not feasible with the 
present data. That the various patterns observed are derived from normal 
is suggested by the fact that there is always present a bristle closely cor- 
responding to the p dc, and also one approximating the a dc. Moreover, 
the repeated coincidence in the position of a hair in the wild-type pattern 
and a bristle in a mutant pattern suggests that a hypertrophy of a micro- 
chaetal anlagen into a macrochaeta is one and perhaps the usual mode of 
action of these mutants, although hair anlagen hypertrophy clearly cannot 
explain all occurrences of extra bristles. 


The size of the bristles 


We have seen ‘hat in these mutant patterns the largest bristles occur- 
ring in the dorsocentral area are usually found in or close to the a and p de 
locations. The only pattern where this localization is not apparent is type 
1 three-bristled pyd. If the size of the bristles present in the various re- 
gions of the dorsocentral area be regarded as an adequate expression of 
“bristle-forming potencies,” then a regular gradient in these potencies is 
indicated. However, from the standard deviation values given in the 
tables, it is clear that the individual bristles of a region vary considerably 
about the mean; the manifestation of the gradient is variable from fly 
to fly. 

The fact that there is a gradient on the thorax in bristle-forming ability, 
which is only revealed when supernumerary bristles appear, presents an 
interesting analogy to a case described by D’Arcy THOMPSON (1917) and 
HUuXLEY (1932). In the one-horned rhinoceros the single median horn 
curves backward due to the more rapid growth of the anterior surface. In 
the two-horned species the second horn, located posterior to the first, is 
smaller and less curved. This implies “that the growth-gradient made vis- 
ible in the form of the anterior horn is continued across to the second horn- 
area, causing the growth intensity to diminish, and therefore resulting in 
a smaller horn . . . we must assume that even in one-horned rhinoceroses, 
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the growth-gradient is continuous along the head, but can only reveal 
itself in species where a second specific horn-area is present” (HUXLEY 


1932, Pp. 152). 
The nature of the bristle pattern 


From the present data some very tentative inferences may be drawn as 
to the nature of the norm! and mutant bristle patterns studied. The unit 
of the pattern is the individual bristle. This is shown by the manner in 
which the loci vary independently of one another. In the dorsocentral 
region each of the bristles present in wild-type flies arises in the center of 
a field of bristle-forming potencies. Whether this is true of all other loci 
is not clear; certainly there is evidence for locelization of bristle-forming 
abilities in the scutellum. Since there are wide variations in the size of the 
bristles appearing at any one spot on the thorax, the gradient cannot be 
regarded as extremely rigid in its specifications. This field would seem from 
the embryological evidence to be primarily due to some spatial difference 
in the distribution of bristle-forming materials, rather than to a temporal 
difference in the time of appearance of various chaetae. It is not bound up 
with the manner of innervation of the bristles. 

The mechanism which normally brings about the appearance of a bristle 
in the center of the field and only there is unknown. It is obvious, however, 
that in certain mutant conditions this mechanism is disrupted, and bristles 
may appear at almost any point in the field. These extra bristles may be 
the result of hypertrophy of microchaetae-forming cells, or may be struc- 
tures not foreshadowed in the normal pattern. In some instances where it 
seems that a bristle of a mutant pattern corresponds to a macrochaeta 
of the normal pattern, at the same time it is probable that the position of 
the bristle has been somewhat shifted from the normal. 
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SUMMARY 


1. Five genotypes have been studied with respect to the size and posi- 
tion of the bristles: wild type and Pch of Drosophila funebris; and wild 
type, pyd, and y Hw dl-49 Theta/y sn’ bb of D. melanogaster. Each of the 
mutant conditions is characterized by the presence of extra bristles. 

2. For each mutant genotyp2 a number of clearly defined and alterna- 
tive patterns of the bristles were observed at the bristle loci investigated. 
These patterns are described and compared with the wild type. 
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3. When supernumerary macrochaetae are found in the dorsocentral 
region, two of the three or more bristles now present tend to correspond in 
size and position to the wild-type p and a dc. Frequently the position of an 
extra bristle coincides with that of a hair in the wild-type pattern. It is 
suggested that the factors for supernumerary bristles may act through 
the medium of hair anlagen hypertrophy. However, th’s is clearly not the 
only way these mutants work, for extra bristles regularly occur in nor- 
mally hairless areas. 

4. In the presence of more than the normal number of dorsocentrals, 
the largest characteristically are found in or close to the normal a and p 
dc positions. As distance from these points increases in any direction, there 
is a tendency for bristle size to decrease. 

5. Supernumerary bristles on the scutellum of pyd flies are found close 
to the normal a and p sc positions; there is a relation between the size and 
the position of a bristle. 

6. There is no association of a particular bristle pattern witha particular 
manner of innervation of the bristles. 

7. Either all the macro- and microchaetae begin to differentiate simul- 
taneously during early pupal life, or such differences in the order of ap- 
pearance as do exist are small. 

8. The absence of significant association coefficients between the chief 
bristles affected by the pyd factor shows that these vary independently. 
The existence of significant left-right correlations between homologous 
bristle loci on the two sides, while non-homologues show no such relation, 
suggests that the bristle pattern on one side of the fly is the result of a 
definite developmental condition frequently duplicated on the opposite 
side. 
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INTRODUCTION 


ISTURBED gene segregations have been fre «ently observed in 
D plant genetics, but in comparatively few cases has the cause of the 
disturbance been elucidated. This lack of information is probably due to 
the general practice of selecting a strain which segregates normally for any 
character under investigation and neglecting strains which give abnormal 
ratios, thus simplifying the interpretation of the results. In the cultivated 
raspberry the genes T and G had frequently given averrant ratios (CRANE 
and LAWRENCE 1931, LEWIS 1939) but it was not until a series of T:G 
linkage crosses had been analyzed that the probable cause of the aberrant 
ratios was evident. It was shown that the segregation of the genes T and 
G was heterogeneous in F; and backcross families in which the male was 
heterozygous, but that female heterozygous backcross families gave nor- 
mal ratios. In this paper the whole of the results are fitted into a general 
scheme and the cause of disturbed segregations given. 


ABERRANT RATIOS IN LINKAGE FAMILIES 


The results ~f some of the more critical families are given in table 1. 
Significant deviations from the expected 1:1 ratio for both T:¢ and G:g 
are found in the family 19/36, in which the male parent is heterozygous for 
both these genes. Gene ratios in the reciprocal cross closely approximate 
to the expected 1:1 ratio. In the selfed family the T:¢ segregation deviates 
significantly from the expected values and the G:g segregation deviates, 
although not significantly, in the same direction as the G:g segregation in 
the backcross, that is, there is a deficiency of recessives in both families. 
The close fit obtained between the observed figures in family 22/36 and 
the expected values which have been calculated from family 19/36 show 
that the deficiency of T and g types is consistent in the male heterozygous 
backcross and in the selfed heterozygote families. 

In these families T and G are in the repulsed phase, therefore a de- 
ficiency of plants carrying T is accompanied by a deficiency of plants 
carrying the recessive allele of the otker gene. 

These abnormal ratios and the heterogeneity described in a previous 
publication can be explained on the hypothesis that there is a ge :e w linked 
with ¢ and g which has a differential effect on the male gametophyte, but 
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has no influence on the female gametophyte. The growth of pollen tubes 
carrying the gene w is retarded or completely arrestcd at some stage be- 
tween pollen germination and fertilization, so that oniy a small proportion 
or none of the w pollen reaches the egg cells. The only manifestation of the 
gene is the disturbance of the T:¢ and G:g ratios. As some plants may be 
homozygous W W or have the genes in linkage or repulsion, heterogeneity 


TABLE 1 
FAMILY CROSS RATIOS x? Pp 
i t 
19/36 2-3/32 (t g/t g) 44 103 23.6801 <.0o1 
73-5 73-5 
x 
G g 
2-8-6/32 (T g/t G) 107 40 30.5374 <.o1 
73-5 73-5 
T t 
21/35 2-8-6/32 (T g/t G) 79 70 0.5436 .50-.30 
74-5 74-5 
x 
G g 
2-3/32 (t g/t g) 70 79 ©. 5436 + 50-.30 
74-5 74-5 
i t 
22/36 2-8-6/32 (T g/t G) 60 35 7.1052 <.o1 
selfed 71.25 23-75 
"61.7 33-3 0.1350 .80-.70 
G g 
78 17 2.5573 +20-.56 
71.25 23.75 
*81.9 13.1 1.4177 .30-.20 


* Calculated from the observed figures in family 19/36. 


as well as abnormal ratios would be expected when the genes are segregat- 
ing on the male side. This is in complete agreement with the results. 

On the above assumption, the crossover values between T, G and W can 
be calculated if the small proportion of w pollen which is effective in fer- 
tilization is known. Unfortunately, the available data supply no informa- 
tion on this fraction, but it is of interest to determine the relationship be- 
tween it and the crossover value 

If x=fraction of w pollen which is effective in fertilization 

q =crossover value between G and W 
q’=crossover value between G and W when x=zero, then the ex- 
pected types when G and P”’ are coupled are: 
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— oo (1—q) 








Gw qx 
gsW q 
q ‘s w  x(1—q) 
therefore ’=q+x-— qx 
q’ = a(t —x) +x 
-3 
a=- ‘ 
I—x 


The value of x must lie between zero and q’, since q cannot have a negative 
value. If x = q’, g and w are at the same locus. The assumption that x = zero 
has been made in the calculation of the crossover values, in other words 
that pollen carrying w is completely inhibited. 


THE CALCULATION OF CROSSOVER VALUES 


The whole of the relevant data have been analyzed, so that a fairly 
accurate estimate of the crossover values might be determined. The data 
of T:¢segregation are given in table 2. The F; and male heterozygous back- 
cross families have been grouped into three classes: 1) Families with a 


TABLE 2 


Selfed or intercrossed heterozygotes. 
(T W—coupled) 


Hetero- 
Parents T t a?/n geneity D.F. p 
x? 
7/36 L.G.XP.R. 148 29 4.7514 
10/37 1-5-10/33 X1-29/35 I5I 33 5.9186 
13/37: 12-18/35:X12-9/35 402 80 13.2780 9. 5000 4 .O5— .02 
14/37  12-18/35 selfed 187 32 4.6757 
4/31 1-24/27 selfed 109 7 0.4224 
Total 997 181 
(T w—repulsed) 
9/37  1-5-10/33 selfed 231 102 31.2432 
11/37 12-9/35 X1-5-10/33 186 94 31.5571 1.4848 2 -50—.30 
22/36  2-8-6/32 selfed 60 35 12.8947 
Total 477 231 
MALE HETEROZYGOUS BACKCROSSES 
(T W—coupled) 
28/36 2-8-5 /32X 2-7/32(g g) 56 36 14.0869 
8/36 15-34-17/31 XL.G. (Gg) 41 19 6.0166 1.8822 2 .50— .30 
14/36 M-6/29X7-15-s0/31(G g) 6r 26 7.7701 
Total 158 81 


(T w—repulsed) 
2-3/32X2-8-6/32 (G g) 44 103 
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FEMALE HETEROZYGOUS BACKCROSSES 


1/29 L.G.X9-6-7/27(g g) 8595 
2/29 L.G.X9-5-5/27(G g) 5r 36 

4/29 = 1-47/25X2-59/25(G G) 54 60 3.8804 3 .30— .20 
21/36 2-8-6/32 X 2-3/32(g g) 79 70 
Total 269 «= 261 


SELFED OR INTERCROSSED HETEROZYGOTES AND BACKCROSSES 
(normal ratios) 


T t 
9/36 B.H.XL.G.(G g) 23 9 
10/36 B.H.XP.R.(G g) 44 9 
8/37. B.H.X1-5-10/33(G g) 109 41 
WF B.H. (GG) selfed 290 go 
15/36 2-1/3; XB.H. (GG) 21 5 
26/36 1-2-11/32X B.H.(G G) 70 20 
12/36 =1-5-10/32X B.H.(G G) 155 61 
13/35 B.H.X1-25/32(GG) 57 21 
4/36  2-1/33(GG) selfed 85 27 
11/36 B.H.X1-2-11/32(GG) 56 23 
25/36 1-2-11/32(GG) selfed 67 32 
20/35  14-33-45/31(GG) selfed 21 10 
3/31 ~+1-11/27(GG) selfed 36 7 
8/31 1-78/28XS.(G G) 194 54 
9/31  2-3-43/28(G G) selfed 122 35 
3/33  7-60/31(G G) selfed 30 8 
3/34 8-19-41/31 X8-19-4/31(G G) 27 4 
11/37 1-5-10/33 X12-18/35(G g) 161 64 
6/29 —_9-5-3/27(G g) selfed 37 8 
8/29 ~—-g-5-8/27(G g) selfed 65 19 
10/29 9-3-11/27(G g) selfed 23 9 
5/31 9-5-4/27(G g) selfed 259 74 


L.G.=var. Lloyd George; P.R.=var. Pyne’s Royal; B.H.=var. Burnett Holme; S=var. 
Superlative. 


significant deficiency of the recessive class (coupling). 2) Families with a 
significant deficiency of the dominant class (repulsion). 3) Families with 
normal ratios. It is possible to make errors of grouping with this method, 
particularly if the families are small. However, the chances of error from 
this source are reduced, since the families are large. The exact treatment 
of such data has not been worked out and in any case would be extremely 
laborious. 

The best method of grouping, that is, on the male parents, is unsuitable 
for the 7: data because of the large number of different male parents 
involved. It would produce a large number of small groups, thus defeating 
the object of grouping. Fortunately it has been practicable to use this 
method for the G:g data because of the small number of different male 
parents. It is reassuring that in the T:/ data, wherever a male parent 
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has been used more than once, it always appears in the same group, for 
example, 12-9/35 appears twice in group 1 but does not appear in group 2. 
Conversely 1-5-10/35 appears twice in group 2, but does not appear in 
group I. 

On the assumption that pollen carrying w is completely inhibited at 
some stage before fertilization, the expected frequencies when p is the 
crossover value between JT and W are given in table 3. 


TABLE 3 
EXPECTED OBSERVED 
¥ t T t 
Backcross coupling I—p p 158 81 
Backcross repulsion Pp I—p 44 103 
F, coupling 2—p p 907 181 
F; repulsion 1+p I—p 477 231 


The logarithm likelihood expression for the data in table 3 is: 


L = 306 log p+4g2 log (1—p) +997 log (2—p) +477 log (1 +p). 

On maximizing by differentiation and equating to zero, the value of p 
obtained is .3201+.0151 to four decimal places. The data are homo- 
geneous, x” being 1.6515 for three degrees of freedom, p=.7o—.50. The 
method of calculation of the standard error and heterogeneity x? is due to 
MATHER (1938). 

A similar procedure has been adopted for the G:y data, which are given 
in table 4, except that the grouping has been based on the male parent. 


TABLE 4 
Sel fed or intercrossed heterozygotes. 
Hetero- 
G g a?/n geneity D.F. p 
x? 
9/27 L.G. selfed 77 14 2.1538 
12/35 P.R.XL.G. 18 2 ©. 2000 ©.3747 2 .go— .80 
8/36 15-34-17/31XL.g. 50 9 1.3728 
Total 145 25 
5/36 L.G.X15-34-17/31 79 II 1.3444 
12/36 3-27/29X15-34-17/31 54 5 0.4237 1.3246 2 -7O— .50 
13/36 3-64/29X15-34-17/31 55 4 0.2711 
Total 188 20 
3/29 L.G.XP.R. 76 9 ©.9529 
7/36 L.G.XP.R. 82 8 0.7111 1.4181 2 .50— .30 
9/29 ~=s*éP:R... seelfedd 43 2 0.0888 
Total 201 19 
8/29 = 9-5-8 /27 selfed 68 16 3.0476 
6/29 —_9-5-3/27 selfed 31 14 4.3555 
10/29 = 9-3-11/27 selfed 27 5 0.7812 6.6779 4 .20—.10 
5/31 9-5-4/27 selfed 264 69 14.2972 
2/29 §=9L.G.X9-5-5/27 61 26 7.7701 


Total 











22/36 2-8-6/32 selfed 
14/36 M-6/29X7-15-50/31 
11/31 7-2/28X1-16/27 
12/31 7-2/28 selfed 

Toxal 


0/37  1-5-10/33 selfed 


17/37. 12-9/35X1-5-10/33 
Total 


19/36 = 2-3/32 X 2-8-6/32 


1/29 L.G.X9-6-7/27 
13/31 3-33/29X 2-52/29 
21/36 2-8-6/32X 2-3/32 
28/36 2-8-5/32X 2-7/32 

Total 
Heterogenity 
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TABLE 4—Continued 


78 


60 
29 
43 
210 


71 


44 


115 


MALE HETEROZYGOUS BACKCROSSES 


107 


FEMALE HETEROZYGOUS BACKCROSSES 


82 
126 
79 
58 
345 


17 3.0421 
27. «8.3793 3 
9 2.1315 
12 2.6181 
65 
24 6.0631 
7 
26 9.6570 
50 
40 — 56. 
94 — °. 
123 -- °. 
7° — °. 
34 om 6. 
321 -- °. 
6. 


.9163 


-3788 


1125 


818i 
0361 
5435 
2605 
8648 
7938 


orn eS 


.30— .20 
<.o1 
.OI 
-50— .30 
.go— .80 
.50— .30 
.02—.0I 
-50— .30 
-10— .05 


There is homogeneity within all the groups except one, but significant 
heterogeneity in the data taken as a whole. The logarithm likelihood ex- 


pression for the data is 


L = 104 log (p) +107 log (1—p) +534 log (2—p). 


On differentiating and equating to zero the value of p is .2351 +.021. Like 
the T:t it is homogeneous; x? =1.9298 for one degree of freedom, p =.20 


—. 10. 


The data supplying information on the crossover value between T and 
G are summarized in table 5. The heterogeneity x? is on the margin of 
significance, but this is almost entirely due to the high percentage of cross- 


T G/t g selfed or intercrossed 

T g/t G selfed (x family) 

T G/t gXt g/t g (1 family) 

T g/t GXt g/t g (1 family) 

t g/t gXT g/t G (1 family) 

T G/t gXt G/t g (1 family) 

tG/t gXT G/t g (1 family) 
D.F.=6. p=.05—.02 


TABLE 5 


(10 families) 


TG 
693 


48 
69 
16 
12 
46 
57 


Tg 
46 
12 
13 
63 
32 
6 
4 


tG 


30 
14 
54 
95 
15 

3 


ig 


I 


12 

5 
80 
16 

8 
20 
23 


° 


I 
9 
° 
$i 
° 
° 


x? 


. 1926 
-2759 
.0070 
0185 
. 4806 
.0120 
.04819 


14.4688 


ing over in one family, T g/tG selfed. There is no apparent cause for 
this abnormality, but it may be due to environmental changes. The 
families have not all been raised in the same year, consequently different 
temperature conditions may be present at the time of germ-cell formation. 


The crossover values for the three genes in percentages are: 
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TG 15.57+1.0 
GW 23.51+2.1 
TW 32.01 +1.5 


The four linked genes T G B X are all in the same group (LEwIs 1939) and 
the chromosome map, including the gene W, is given in figure 1. 
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Ficure 1.—Linkage map showing crossing over relations of five loci. 


THREE POINT EXPERIMENTS 


Three point backcross experiments have been analyzed to determine 
the coincidence value. The method of calculation devised by STEVENS 
(1936) has been followed. The crossover value for p and q and the coinci- 
dence value c may be calculated from the exact fit which is obtained in a 
two by two table (table 6). The coincidence value 

TgW Xn 
< “(TgW+iGW) xX (TgW +tgW) 
TABLE 6 
tgW/tgwuX TGW/igw 




















Recombination in No recombination 
segment p in segment p 
Recombination in ai i Pq TT qii—p) | q 
seine t G w (eliminated) T G w (eliminated) 
> ‘ 
No recombination sii p(t—q) viii (r—p)(r-q) | 1-q 
in segment q T g w (eliminated) t g w (eliminated) 
p (1—p) r 





The ~esults of the two small three-point experiments are given in table 7. 


TABLE 7 

tgW/tgwXT gw/tGW TG 12 p=0.136+ .028 
Tg 32 q=0.272+ .036 
tG 95 c=1.470+ .223 
tg 8 

tgW/tgwXTGW/tgw TG 54 p=o.115+ .034 
Tg 4 q=0.310+ .049 
tG 6 c=1.288+ .350 


tg 
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Both coincidence values are above unity, in one the difference is slightly 
more than twice the standard error and in the other the difference is less 
than the standard error. It is probable that the value does not differ 
significantly from unity. Had the genes T G W been situated much closer 
together, interference would have been expected and this would have given 
good evidence for the presence of the gene W. As this is not the case, large 
three point experiments were not undertaken. 


DISCUSSION 


Evidence has been given for a gene which either retards or inhibits pollen 
tube growth in the cultivated raspberry. This gene is linked with two 
marker genes T and G. No plants with W and G in the repulsed phase have, 
as yet, been found among the progeny of T G W/t g w plants selfed or in- 
tercrossed. However, the probability of finding a g W/G w plant among 
the 13 tested is about .2. This fact is therefore not incompatible with the 
general hypothesis that tne disturbed ratios are caused by a linked gene 
w and not directly by the gene g. Evidence in support of this is given by 
family 28/36, ¢¢ G gXT ig g, in which there is a significant deficiency of 
t plants, thus showing that in this family a disturbed T:# ratio can be ef- 
fected without the segregation of G:g on the male side. Conversely, there 
are four families in which a T ¢ G g plant has been selfed and both T:¢ and 
G:g ratios do not exhibit any significant deviation from expectation. These 
results cannot be explained if the gene g is responsible for differential fer- 
tilization, but are explicable on the linked gene w hypothesis. 

Similar cases of pollen tube genes causing d‘fferential fertilization have 
been found in maize, MANGELSDORF and JONES (1926), EMERSON (1934) 
and BuRNHAM (1936), in which the effect is dependent upon the genetic 
constitution of the stylar tissue. However, the pollen tube genes induced 
by radium and X-ray treatment in Datura (BUCHHOLZ and BLAKESLEE 
1936) are quite independent of the genetic constitution of the style. There 
is some evidence that the pollen tube gene w in raspberries behaves similar- 
ly to the pollen tube genes in maize. The raspberry variety Burnett Holme, 
T t GG, when selfed or backcrossed to its progeny always gives normal 
ratios for T:t. It is, therefore, assumed to be homozygous for W. Further, 
when Pyne’s Royal (W w) or Lloyd George (W w) are crossed on to it, 
normal ratios for T:¢ are obtained (see table 1, families 9/36 and 10/36). 
The figures are small, and further data are necessary to confirm this. 
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SUMMARY 


A gene w causing differential fertilization in the cultivated raspberry 
is described. It causes aberrant ratios and heterogeneity in linked marker 
genes JT and G when the particular genes are segregating on the male 
side. 

The action of the pollen tube gene w is to inhibit completely, or to xe- 
tard, pollen tube growth at some stage between pollen germination and 
fertilization. Crossover values between W and the marker genes T and G 
are calculated and a chromosome map with five genes is given. 
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URRENT theory explains the production of structurally inter- 

mediate types of animals, including intersexes, by assuming that 
they start development as of one type, but change in some physio- 
logical respect early enough so that the later stages of development are 
those of a contrasted type. In the gypsy-moth intersexes of GOLDSCHMIDT, 
the reversal of the type of development was induced by the imbalance of 
strong and weak sex genes in hybrids. In aphids, the intermediates be- 
tween parthenogenetic and gamic, and hetween winged and wingless 
individuals, have been produced under unusual combinations of light and 
temperature, applied at various times in the developmental cycle. The 
latter insects offer some aavantages for the artificial production of inter- 
mediates, since the controlling agents may be applied at different times in 
different individuals. 

In so far as intermediacy of aphids is expressed in chitinous structures, 
which can not change after the last molt, or in other structural features 
which, once established, change little or not at all, the inte-mediate con- 
dition of an adult may reflect only the processes and relations obtaining 
in the embryo or at latest in the nymphal stages. Heretofore these rela- 
tively changeless characters have been the chief if not the only ones used 
in judging the intermediacy of aphids. The principal possible exception to 
this generalization is found in the reproductive system, as involved in the 
intermediates between, or mosaics of, the gamic and parthenogenetic 
types. It is not known whether these irregular reproductive systems change 
during the adult life of the aphid or not; there would seem to be a fos- 
sibility of such change, however. Color of the body, which is typically 
yellow in the gamic female, green in the parthenogenetic, may also change 
in the adult; but this color is so irregular that it has been little used in the 
classification of intermediates. In the intermediates between winged and 
wingless aphids, it appears possible that the wing muscles of the thorax 
may become modified during adult life. Some histological preparations by 
STILES (1938) show occasional signs of degeneration of these muscles, 
though none so extensive as to suggest that judgments regarding the 
grade of intermediacy would change in accord with them. 

The other signs of intermediacy so far used are all such as are fixed at 
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or before emergence from the fourth instar. The swollen hind tibia of the 
gamic female, or the half swollen one of an intermediate, remains of the 
same size from the time of its hardening after the last molt, and the num- 
ber of sensoria in it is thereafter permanent. Even the depth of its brown 
color does not change. The wings of one of the parthenogenetic types re- 
main for an indefinite time the same as at the conclusion of the last molt. 
An intermediate wing is thereafter of the same size; even its crumpled 
form is permanent after drying. The color of the long third segment of 
the antenna, and the number of sensoria in it, are permanent. The ocelli, 
if only partially developed in the young adult, do not change later; neither 
the cuticular lens ncr the adjoining pigment experiences any later 
modification. 

Under these circumstances, the criteria by which intermediacy has been 
judged practically all relate to things happening in the embryo or nymphal 
stages. If these characters develop in response to a physiological conditior. 
which at first determines a trend in one direction, but which is then re- 
placed by or gradually modified to a condiiion which determines a trend 
in another direction, this replacement or modification is limited to the 
young stages. In the absence of more definite knowledge regarding changes 
in color of body, wing muscles, or reproductive system in the adult, inter- 
mediacy of the adult is a key only to developmen. ‘ conditions. 

It would be possible to suppose, therefore, that an adult aphid has com- 
pletely emerged from the intermediate physiological conditions which 
made it an intermediate, and that it is then typically winged or typically 
wingless—except in those fixed structural characters which ic acquired 
when it was physiologically intermediate. Indeed, the theory that inter- 
mediacy is due to having started development as of one type and finished 
it as of a contrasted type could lead to the conclusion that the adult 
ought to be definitely of one type—that type whose plan of development 
was followed in the later stages. Followed to its logical conclusion, the 
theory could even form a basis of judgment as to the direction in which the 
physiology of development had changed, provided the physiological na- 
ture of the adult can be ascertained; the direction of change would have 
to be toward the definitive adult type. 


MEANS OF TESTING ADULT INTERMEDIACY 


Fortunately for the ascertainment of the adult type in the contrast 
between winged and wingless aphids, there are two ways in which the na- 
ture of the adult, in other than structural respects, may be determined. In 
general, when the gamic phase of the cycle is reached, nearly all the males 
are born of wingless mothers, while nearly all the gamic females come from 
winged mothers. There are exceptions to this rule, but not m>ny in most 
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strains. Furthermore, winged parthenogenetic aphids usually show a no- 
tably greater tendency to produce wingless offspring than wingless mothers 
do. These physiological distinctions can be used to detect intermediacy, 
or the lack of it, in adults at any age. 


EARLIEST OBSERVATIONS ON ADULT PHYSIOLOGICAL INTERMEDIACY 


In the work of this 'aboratory on the aphid Macrosiphum solanifolii the 
first opportunity to study the physiological properties of an adult aphid 
whose structural characters marked it as an intermediate was presented 
many years ago, in January 1927. Structural intermediates were rarely 
produced in the strain beirg reared at that time (clone A, SHULL 1932), 
and the experiments then performed were withheld from publication 
pending a fuller study of adult intermediacy. Then in the fall of 1929 
clone A experienced a “mutation” in its behavior with respect to wings 
and the gamic phase (becoming clone A’, SHULL 1932). In this mutation 
the response to light in wing development was reversed and made much 
less definite, and very few gamic forms were thereafter produced. While 
structural intermediates in clone A’ became fairly common, their physio- 
logical properties with respect to wing production were less capable of 
definition, and with respect to gamic offspring seldom open to a test. Only 
gradually were the characteristics of another strain sufficiently discovered 
so that further tests of adult reactions in these two respects could be made. 
These comparisons have now been made and constitute the material of 
the later sections of this paper. 

The intermediate aphid of 1927 was not the first intermediate obtained, 
but it was the first well marked one to appear in the midst of the gamic 
phase of the cycle. Abundant males were being produced by wingless 
mothers, many gamic females by winged mothers, and besides these nu- 
merous parthenogenetic females, of which the intermediate was one. 
Though the gamic phase was presumably h-'* completed, there appeared 
still to be time for a moderate test as to whe_ er the intermediate-winged 
aphid would produce males (like some of the wingless aphids), gamic 
females (like most of the winged ones), or both males and gamic females, 
or neither. Either of the latter two results, particularly both males and 
gamic females, could be regarded as a sign of intermediacy. 

This adult intermediate had wings which were not quite flat (but not 
crumpled); which extended only slightly past the tip of the abdomen, 
hence were about three-fourths as long as normal wings; and which were 
not held in approximately vertical planes over the back as are typical 
wings. The long third segment of each antenna was about as dark as are 
these of winged aphids, and each bore 14 sensoria (as compared withusually 
18 to 20 in typical winged females). The ocelli were well developed, not 
appreciably less so than those of winged females. 
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This female, intermediate with respect to wings and antennal sensoria 
though nearer to the winged type in both respects, and like the winged 
form with respect to ocelli, was reared in continuous light, since light ap- 
peared to have little to do with the production of gamic offspring. Her 
ofispring were ail gamic; the first ones were gamic females, then two males, 
and later additional gamic females. In all there were 11 gamic females, 2 
males. This indicated an intermediate (or conceivably mosaic) adult 
physiology, leaning rather to the winged type, as did also her structural 
characters. 

The control consisted of the numerous general experiments involving 
the same strain of aphids, in which winged mothers were producing chiefly 
gamic female offspring, while wingless mothers were producing partheno- 
genetic daughters (winged or wingless according to the light to which they 
were exposed) and usuaily some males toward the end of the family. 


DIFFERENT GRADES OF STRUCTURAL INTERMEDIACY IN 
RELATION TO PHYSIOLOGICAL INTERMEDIACY 


A generation later than the above, still in January 1927, three structural 
intermediates were obtained within a short pe-iod. One had wings a little 
less than half developed, one about one-fourth, while in the third the wings 
were mere protuberances. The first of these was preserved after producing 
a family, and was found to have rather dark antennae, one with g sensoria 
(as against usually not over 6 for wingless and not under 17 or 18 for 
winged), the other lost in preparing the balsam mount. Her ocelli were 
about half developed. This female leaned, therefore, slightly to the wing- 
less side. The other two intermediates died unexpectly early, after produc- 
ing only a few offspring, and their bodies could not be found; regarding 
their structural intermediacy, therefore, only the condition of the wings is 
known. From other intermediates it would be inferred that their ocelli 
would be but slightly developed, or not at all, while the antennae were 
probably nearly pale and presumably bore few if any more sensoria than 
the wingless females do. 

Since the gamic phase of the cycle was by this time passing, there was 
no assurance that males would be obtained any more, even from wingless 
aphids. Accordingly, these intermediates were reared in alternating light 
(8 hours) and darkness (16 hours), so that a test of physiological inter- 
mediacy with respect to wing production would be made if the gamic off- 
spring did not materialize. Definite controls (typical winged and wingless 
females) were reared. as nearly simultaneously with the intermediates as 
was possible in view of the fact that the three intermediates were not 
exactly contemporaneous. The progeny of all these aphids are shown in 
table 1. 
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TABLE I 


Progeny of structurally intermediate aphids as compared with those of typical 
winged and wingless parents. 

















OFFSPRING 
CONDITICN OF 
PARTHENOGENETIC GAMIC 
WINGS OF MGTHER 
WINGLESS WINGED FEMALE MALE 

11 typical winged females ° ° 87 ° 
Less than half developed 10 12 ° ° 
About one-fourth developed ° 4 ° ° 
Mere protuberances 5 ° ° ° 
9 typical wingless 39 270 ° 4 





The physiological character of the typical winged females was unequivo- 
cal, they were producing only gamic female offspring. None of the inter- 
mediates was like them in this respect. 

The typical wingless aphids produced only a few males, most of them 
none at all. Hence the absence of anv males in the progeny of the three 
intermediates is scarcely proof that they were not typically wingless in 
their physiology. As for wing production, the most reasonable conclusion 
to be drawn was that the intermediates were physiologically as well as 
structurally intermediate. For, if wings may be regarded as independent 
of the reproductive system, the offspring of winged mothers were all wing- 
less (the gamic females), the offspring of wingless mothers were mostly 
winged, while the offspring of the three intermediates were collectively 
nearly equally divided between winged and wingless. However, in view 
of the small number of offspring and of the irregularity of wing production 
in different families that “should” react alike, no reliance can be put on 
such a conclusion. 

In general, it is clear that the three intermediates were not physiologi- 
cally winged; they may have been intermediate or possibly wingless in 
their physiology. 

The original aim in these early experiments, to distinguish among dif- 
ferent grades of intermediacy, was foiled by the small number of offspring, 
particularly from the two parents with slighter wing development. 


EXTENSIVE TESTS OF ADULT INTERMEDIACY 


When the strain of aphids collected in Ann Arbor in 1931 had been 
sufficiently studied to show that winged and wingless adults produce dis- 
similar progenies, and that occasional intermediates appeared, a new set 
of tests of adult intermediacy was instituted. By that time, also, it had’ 
been demonstrated that the mutated clone A’, though less definite in its 
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responses, did nevertheless exhibit a difference between the progenies of 
winged and wingless parents. This latter strain had one advantage over 
that of 1931, in that it produced intermediates abundantly. 

Many intermediates of both of these strains were reared under those 
conditions of light and temperature (not the same for both strains) which 
experiments had shown were most likely to produce differences between 
the families from winged and wingless parents (SHULL 1935). Controls 
from winged and wingless parents were raised at the same time under the 
same conditions. The aggregate offspring from all of these tests are shown 
in table 2. 

TABLE 2 


Progeny of intermediate-winged parents of two strains of aphids, compared with offspring 
of winged and wingless parents from the same strains. 




















OFFSPRING 
PERCENTAGE 
STRAIN PARENTS TOTAL 
INTERM.- 
WING- INTERM.- GAMIC 
WINGED GAMIC- MALE 
LESS WINGED g 
PARTH. 
Wingless 1618 42.9 53-2 2.2 0.0 0.0 i 
1931 Interm. 2199 42.8 52.0 5-2 0.0 0.0 0.0 
Winged 946 62.2 18.1 1.9 17.8 o.1 0.0 
Clone A’ Wingless 2976 ee 64.1 0.0 0.0 0.0 0.5 
(1923, Interm. 2146 22.1 75.2 o.1 0.0 0.0 4.8 
1929) Winged 2037 59.0 41.0 0.0 0.0 0.0 0.0 





Intermediates of 1931 strain 


In the 1931 strain, wingless parents produced 53.2 percent winged off- 
spring under the conditions of the experiments, winged parents only 18.1 
percent of winged offspring. The intermediates reacted practically the 
same as the wingless (52.0 percent winged). 

With respect to gamic female offspring, the winged parents produced 
17.8 percent, wingless parents none. Here again the intermediates were 
lik. the wingless. Unfortunately the gamic phase was so little marked dur- 
ing these experiments that only 1.7 percent male offspring were produced 
even by wingless parents. This number does not provide a very sharp dis- 
tinction between wingless and winged parents, hence the fact that the 
intermediate parents produced no males may not have much significance. 

The number of intermediate-winged offspring is too nearly the same 
(2.2 percent from wingless parents, 1.9 percent from the winged) to pro- 
vide a test. It is perhaps significant that the intermediate parents produced 
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more than twice as many intermediates (5.2 percent) as did either the 
winged or wingless, but whatever meaning it has is probably not related 
to the wingedness or winglessness of the adult intermediates in a physio- 
logical sense. This tendency for intermediates to produce intermediates is 
discussed elsewhere. 


Intermediates of clone A’ 


In clone A’, the wingless parents produced 64.1 percent winged off- 
spring, the winged parents only 41.0 percent winged offspring. This dif- 
ference is in the same direction as in all other strains that have been tested, 
but is not so great as in the 1931 strain. It is one of the characters of the 
original 1923 strain which was not reversed in the mutation of 1929. Com- 
pared with these two percentages, intermediate-winged parents yielded 
73-1 percent of winged offspring, more than either winged or wingless 
parents produced. Since this number is outside of the range between wing- 
less and winged and nearer to the wingless extreme, it might be said that 
the intermediates are “outwinglessing” the wingless. Certainly they are 
not imitating the winged parents. 

The production of so many males (4.8 percent) by the intermediates 
as against 0.5 percent by the wingless and none by the winged parerts 
constitutes a puzzle. Are the intermediates here again exceeding the wing- 
less in the wingless direction, or is excess of males due to an intermediate 
physiology? The entire clone A’ produced very few gamic forms, but hap- 
pened to be doing so to a slight extent during part of the period of these 
experiments. In other strains the males are derived almost solely from 
wingless parents, and the little evidence here afforded indicates that the 
same is true of clone A’. Gn their face, the facts would seem to show that 
the behavior of the intermediates is far beyond the extreme of the wingless. 

The other possibility should, however, be examined; that is, that male 
production is not a marked characteristic of wingless aphids, but the result 
of a degree of intermediacy. The fact that gamic females are nearly always 
wingless, the males without exception winged, suggests that wings and sex 
have in part the same physiological basis. Ignoring everything but this 
common basis, one might assume that the concentration of something 
ranged from one extreme at which gamic females are produced and wings 
inhibited, to another extreme at which males and wings are produced. 
Production of males could be imagined to result from a concentration 
somewhat short of the latter extreme. It would thus be a mildly intermedi- 
ate condition. On such an assumption, the intermediates of clone A’ which 
produced more males than the wingless parents did. could be regarded as 
intermediate in their physiology, though presumably nearer the wingless 
extrerne. 
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Two facts speak against this interpretation. They do not argue against 
the supposition that wings and sex may both be in some measure depend- 
ent on the concentration of one and the same substance; they are against 
the postulate that male production falls into an intermediate position in 
the scale of concentration. First, males are born as a rule only toward the 
end of a family. If male production depends on a less extreme concentra- 
tion than wing production does, tnis lower concentration must often have 
been arrived at by reduction from a higher concentration earlier. But this 
higher concentration must have been reached by an increase in concentra- 
tion, unless that concentration is highest at the beginning of the reproduc- 
tive period. Were the latter true, the family ought in general to be wing- 
less and gamic female at first, winged and male later, which is far from 
what actualiy happens. A peak concentration in the middle of the repro- 
ductive period, arrived at by increase from a lower one at the beginning, 
should, therefore, be preceded sometimes by males born early in the 
family. But they practically never are born then. 

A second fact opposing the assumption that male production is a some- 
what intermediate phenomenon is that no intersexes have been found. If 
males are produced by an intermediate concentration of something, it 
might be expected that the concentration would occasionally approach 
that which would yie!d females, and intersexes would result. As stated, no 
one appears ever to have seen an intersexual aphid. 

While these two obstacles are not necessarily insurmountable, they sug- 
gest that male production by wingless parents is not due to an intermediate 
condition of any sort in these parents, but that it is an extreme situation 
reached only by some females at certain stages in the cycle, and then only 
toward the ends of their lives. If this conclusion is justified, the intermedi- 
ate parents in clone A’ which produced 4.8 percent male offspring were 
more extr. ..e than the wingless parents. Why they were more extreme is 
not explained, but the intermediates appear to be nearer the wingless 
type—farther from the winged forms than the wingless ones are. 


DISCUSSION 


On the whole, the results obtained aside from the brief tests in 1927, 
indicate that intermediate-winged aphids are, in their adult stage, physio- 
logically not very different from wingless ones. When they differ from 
wingless aphids, they have mostly proved to be more extreme—that is, 
more different from winged aphids—than wingless ones are. It should be 
pointed out that these conclusions are drawn from mass experiments, in 
which no aphid has been tested singly. Since, however, the aggregate 
results from the intermediates agree so closely with those from the wing- 
less aphids, no individual could deviate much from the wingless standard 
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without being balanced by others diverging equally in the opposite direc- 
tion. Hence by all the standards used in previous work, adult intermediate 
aphids are approximately wingless physiologically. The first intermediate 
reared in 1927 may not be a real exception to this statement, for it was 
nearly winged. This means that it was of nearly winged physiology in 
embryonic stages. From this early winged condition it could progress 
toward the wingless condition and still be somewhat intermediate as an 
adult. Such an assumption would be particularly justifiable if the inhibi- 
tion of wings in this individual were an unusually slow process at all stages. 

If intermediacy is the result of a change of physiology in the period of 
development, and if there has been only one major trend in that change, 
the direction of change must be in each case from winged to wingless. 
Heretofore, on the basis of experimental and observational data, it has 
been held that the direction of change could be either winged to wingless, 
or wingless to winged. 

The new conclusion is in harmony with the histological evidence (SHULL 
1938) that all aphid embryos have wing rudiments, bu: that these are 
suppressed in the late embryo and first instar of those individuals which 
will be wingless. It is not in agreement with the conclusions of STILEs 
(1938) who, after a histological study involving wing muscles and ocelli, 
believed that his observations indicated change in either direction in dif- 
ferent individuals. One of his criteria was the nature of the wing-muscle 
cells, which in some individuals appeared necrotic as if a winged individual 
were losing its winged characters, in other individuals appeared to be ac- 
tively continuing. This evidence seemed to be satisfactory. 

How may the new results be reconciled with those of STrLEs? Since the 
physiology tested in these experiments is that of the adult, it is merely the 
end product of a series of events. It, therefore, represents only a major 
trend. The end result may have been reached by either a straight course 
or a devious one, just as a mountain peak may be reached over a railway 
whose incline is everywhere the same, or by a wagon road up and down 
over a succession of ever higher foothills. If it be supposed that the major 
change from winged to wingless in wingless aph‘ds be a devious one, there 
would be periods in which the change would be in the opposite direction. 
During these temporary recessions could occur the active growth of the 
wing muscles and other processes indicating an approach toward the 
winged type instead of away from it. 

The same assumption of an irregular, temporary reversible, approach 
to winglessness might also explain those fairly numerous intermediates 
whose combinations of distinguishing characters do not fit either a winged- 
to-wingless or a wingless-to-winged change. 

If the direction of change, when there is a change, is always from winged 
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to wingless, it may be questioned whether, in the relation ef gamic to 
parthenogenetic females, the change, when there is one, is not always from 
gamic to parthenogenetic. Some earlier experiments (SHULL 1930 a, b) 
indicated that winged mothers in the gamic phase of the cycle could easily 
be diverted (by high temperature) from the production of gamic daughters 
to production of parthenogenetic ones, but that the reverse change was 
impossible. That is, winged mothers in the parthenogenetic phase of the 
cycle could not be induced, by low temperature or any other tested agent, 
to produce gamic daughters. 

In both of these changes there is a loss of certain characteristics. Wing- 
less aphids lack the wings, wing muscles, ocelli, and some of the sensoria 
which winged ones have, and the only changes from the one type to the 
other appear to be in the direction of loss. Parthenogenetic aphids lack the 
colleterial glands, seminal receptacles, and the swelling and sensoria of the 
hind tibia of gamic females; the parthenogenetic germaria are smaller than 
those of the gamic; and the oocytes of the parthenogenetic lack the size, 
and yolk, and ability to undergo a second oogenetic division which the 
oocytes of the gamic females all possess. If change occurs only from gamic 
to parthenogenetic, again it involves only loss. It may well be that the 
reason why change occurs in one direction only is that inhibition of a de- 
velopmental process in a structure determined for it in a labile fashion is 
possible, while stimulation of the same process in a structvre having no 
such (even labile) determination is quite impossible. This would mean only 
that the necessary stimulating agent, because it is not the opposite of the 
known inhibiting agent, has not been discovered. 

If the gamic-parthenogenetic intermediates are produced by change in 
only one direction, from gamic to parthenogenetic, it will be necessary to 
revise for them also the scheme by which the combinations of characters 
they possess are explained. It has been supposed that some arose by a 
change from gamic to parthenogetic, others by a change from partheno- 
genetic to gamic. After an order of determination of the distinguishing 
structures of the two kinds of females had been decided upon, the combi- 
nations of characters of the intermediates appeared to throw many of 
them into one or the other of the two classes arising from the two direc- 
tions of change (SHULL 1933). But there were exceptions—many of them. 
It may now be necessary to assume that all the intermediates which do 
not fit the one direction of change owe their combinations of characters to 
fluctuations in the progress from gamic to parthenogenetic, as has just 
been suggested for the winged-wingless intermediates. 

It is unfortunately not yet possible to test gamic-parthenogenetic inter- 
mediates to ascertain whether they may be physiologically parthenogenet- 
ic, for they do not reproduce, and no other physiological difference be- 
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tween gamic and parthenogenetic females has so far been established that 
could serve for that purpose. 

Two rather incidental matters reauire further comment. One is the fact 
that in the 1931 strain (and to a very slight extent in clone A’) intermedi- 
ate-winged parents produce more intermediate offspring than do either 
winged or wingless parents. There must be some holdover effect, the nature 
of which is not at present understood. It is probably related in some way to 
the tendency of winged parents to produce wingless offspring, and of wing- 
less parents to produce winged offspring. 

The other matter is the fact that intermediates of clone A’ exceeded, 
physiologically, the winglessness of wingless parents. This may be due to 
a slow start in the accumulation of the wing-inhibiting substance, com- 
pensated by a rapid increase of it later and therewith an excessive final 
concentration. 


SUMMARY 


Some observations in earlier experiments had suggested that adult 
intermediate-winged aphids might be also physiologically intermediate at 
that stage. Since their structural intermediacy is only a consequence of 
their intermediacy in the embryonic stages, and since intermediates pre- 
sumably owe their condition to a change in the trend of their development, 
it seemed likely that the adult would no longer be intermediate. Or, if it 
were intermediate, some modification of the theory of the origin of inter- 
mediacy would be required. 

A number of intermediates of two strains were tested as to their tend- 
ency to produce (1) winged offspring under certain circumstances, in 
which respect winged and wingless parents differ, and (2) gamic females 
(which typically come mostly from winged mothers) and males (mostly 
from wingless mothers). In one strain the intermediates were almost 
identical with the wingless aphids in both of these respects. In the other 
strain, the intermediates were more extreme (less like winged aphids) 
than the wingless parents were. 

These results, indicating that structural intermediates are not physio- 
logically intermediate, appear to fix the direction of change which pro- 
duces intermediates as from winged to wingless. This is the direction of 
histological change, since all wingless individuals have wing rudiments in 
the embryo, only to lose them in the first instar. 

The transition from winged to wingless is in all characters (wings, ocelli, 
wing muscles, antennal sensoria) a loss of parts. It thus appears possible to 
induce loss by environmental treatment; but the agent or agents which will 
stimulate development of new parts have not been discovered. 

It is now suggested that gamic-parthenogenetic intermediates are alsc 
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produced by change in only one direction (gamic to parthenogenetic), 
which in most characters is obviously, and in the rest at least conceivably, 
also a loss of parts. 

The proved conclusion regarding winged-wingless intermediates, and 
the suggested one concerning gamic-parthenogenetic intermediates, call 
for a developmental trend which changes its course in temporary fluctua- 
tions even though the general trend is always the same. 
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INTRODUCTION 


HE third longest chromosome of maize has the spindle attachment 

well away from the center, the long arm being twice the length of the 
short arm. It was shown to be associated with the a; és, linkage group by 
means of deficiencies involving A; (McCurntock 1931) and likewise by 
means of trisomics (McCLINnTOcK, unpublished, cited by EMErson, 
BEADLE, and FRASER 1935). This association is confirmed by the extensive 
series of translocation data summarized in the following pages. 


ORIENTATION OF THE LINKAGE MAP 


The A, deficiencies (MCCLINTOCK 1931) involved the end of the long 
arm and indicated the orientation to be such that the a, end of the linkage 
map should lie toward the long arm and the cr end toward the short arm. 
This order has also been amply confirmed. Following the convention of 
orienting the maize linkage maps so that the left end corresponds to the 
short arm of the chromosome, the chromosome 3 map given by EMERSON, 
BEADLE and FRASER (1935) should be reversed to read as follows: 





cr d, Rg ts 4 ba; na a 
° 18 40 47 64 75 103 
TRANSLOCATIONS 


The present study includes the following translocations which have been 
previously listed (ANDERSON 1935) with references to earlier literature: 
T1-3a, 1-3d, 2-3b, 2-3¢, 2-3d, 3-5a, 3-5b, 3-5c, 3-6a, 3-6b, 3-7a, 3-7b, 3-8a, 
3-8b, 3-9a, 3-9b, 3-10a, 3-10b, and 3-10c; also one translocation, T3-9c, 
described more recently (ANDERSON 1938). In addition two translocations 
not previously listed are included. 

T2-3e was obtained from X-rayed seed (ANDERSON 1935 Lot 1). It 
gave two rings of four in intercrosses with T1-5b, 1-5c, 1-9a, 4-5a, 4-9b, 
6-9a, and 8-10c, and a ring of six chromosomes with T1-2c, 2-4a, 2-gb, 
and 3-10a. The chromosomes involved have been checked by linkage tests. 

1 Contribution from the Division of Biology, California Institute of Technology and the De- 
partment of Genetics, University of Wisconsin (Paper No. 245). The junior author wishes to ex- 


press his appreciation to the Wisconsin Alumni Research Foundation whose support during a 
leave of absence enabled him to participate in this work. 
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T3-7c was obtained by Dr. L. J. STADLER, Columbia, Missouri, from 
an X-ray treated stock. It gave two rings of four in intercrosses with 
T1-2a, 4-5a, 4-8a, and 8-9a, and a ring of six chromosomes with T1-7a, 
3-9a, 3-10a and 5-7a. The chromosomes involved have been checked also 
by linkage tests and b: prophase cytology. 

Some additional informaiion has been published on T3-g9a, 3-gb and 
3-9c (ANDERSON 1938), on T3-8a and 3-8b (ANDERSON 1939) and on 1-3a 
(EMERSON 1939). 


CYTOLOGY 


The mid-prophase of meiosis has been observed in ten of the transloca- 
tions studied. The positions of these translocations are recorded below in 
decimal fractions of the distance from the centromere (ANDERSON 1938). 
Thus 3L.1 indicates chromosome 3, long arm, one-tenth of the distance 
from the centromere to the end of the chromosome. 


T1-3a 18.2 3L.2 
T2-3¢ 28.6 38.8 
T3-6b 38.8 6 satellite 
T3-7a 35.2 7L.25 
T3-7b 38.8 7L.1 
T3-7¢ 3L.6 7L.5 
T3-8a 3L.6 8L.8 
T3-8b 3L.1 8L.2 
T3-9¢c 3L.1 gL.2 
T3-10a 3L.1 10L.1 


The record on T3-6b is from CLARKE and ANDERSON (1934). The re- 
mainder are from preparations made by Mrs. GERTRUDE G. FRANDSEN. 


LINKAGE DATA 


Backcross linkage tests have been made chiefly with the three gene 
combinations ma a, és4ai1, and d,lge. The order of four of these genes is 
d,-ts4-na-a,, the three regions thus delimited being nearly equal in length 
and covering a total map distance of approximately 85 units. The data 
necessary to place /g2 accurately in the series are not available, although 
two-point tests with d; and a, respectively, indicate that the gene may 
lie about half way between these loci. The map region which /g: serves to 
mark doubtless coincides in part with those of both és, and ma. (cf. EmEr- 
SON, BEADLE and FRASER 1935) 

The data resulting from the linkage tests are presented in tables 1 to 
6. The backcrosses involving ma a, are given in tables 1 and 2, tzble 1 in- 
cluding the translocations to the left of na, table 2 those between ma and 
a,. Table 3 gives the backcrosses with ts,a; where the order is definitely 
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T-is«-a, and table 4, those where the order is és,-T-a, and those where 
the translocation is near ts, but the order not clearly shown. Table ¢ 





















































TABLE I 
+ + 
Backcross progenies from ———————_ 
+ na a 
RECOMBINATIONS PERCENT 
TRANS- PARENTAL TOTAL RECOMBINATION 
LOCATION COMBINATIONS REGION REGION REGIONS 
I 2 1,2 T-na na-d, 
1-38 80 63 9 14 27 25 o 6 224 12.9 25.9 
2-3C 42 37 21 24 28 20 5 14 191 23.5 35.2 
3-6a 71 66 3r 38 5I 29 Iz 37 324 33-0 36.4 
3-7b 84 109 65 85 54 69 40 53 559 43-5 38.6 
3-8a 101 98 16 10 56 43 4 9 337 11.6 33.2 
3-8b 27 23 I2 19 25 15 4 II 136 33-8 40.4 
3-10a 58 58 TS 45 30 30 16 13 255 31.0 34-9 
3-10b 71 42 ai 32 28 25 Io 16 245 32.2 32.2 
TABLE 2 
- 
Backcross progenies from ca . 
+ a 
RECOMBINATIONS PERCENT 
TRANS- PARENTAL TOTAL RECOMBINATION 
LOCATION COMBINATIONS REGION REGION REGIONS 
I 2 1,2 na-T T-a 
2-3d 90 55 ey 22 4 6 zs 182 14.8 6.0 
2-3e 76 77 4 I! 30 26 I I 226 7.8 25.7 
3-5b 147 169 8 6 40 18 : « 393 4.8 16.0 
3-5C Ig! 177 24 26 I5 39 2 4 478 22.7 12.6 
TABLE 3 
z tT + 
Backcross progenies from a. . 
ts, a 
RECOMBINATIONS PERCENT 
TRANS- PARENTAL TOTAL RECOMBINATION 
LOCATION COMBINATIONS REGION REGION REGIONS 
I 2 I,2 T-ts, ts-ay 
1-3d 18 6 ’ 67 st. 27 4s 83 25.3 56.6 
2-3C 103 QI 19 23 104 100 23 «37 489 18.6 51.7 
3-7b gI 11I 28 41 86 101 31 46 535 ay.3 49-3 





gives the backcrosses with d,/g2, where the order is d,-T-lg2 and those 





where the translocation is so close to d; that the order is uncertain. Table 
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TABLE 4 
, + T + 
Backcross progenies from ———— 
ly + 
RECOMBINATIONS PERCENT 
TRANS- PARENTAL RECOMBINATION 
TOTAL 
LOCATION COMBINATIONS REGION RE ION REGIONS 
I 2 I,2 ts,-T T-a 
2-3e 126 100 37 33 28 26 S «4 359 22.0 eg. 5 
3-sb 89 79 49 36 17 28 17 13 328 35-1 22.9 
3-9b 55 23 22 «(a1 9 8 °o 2 140 32.1 13.6 
I-3a 100 107 2 5 I1r 66 e = 401 q.2 46.6 
2-3b 48 58 o 2 47 31 oa) 186 1.1 41.9 
3-74 48 41 2 4 49 52 Y % 200 5-0 52-5 
3-7¢ 18 II : ¥ 4 ® 3 45 20.0 22.2 
3-8a 239 200 9 O- 123 104 : © 683 2.8 34-4 
3-948 221 134 4 3 136 149 8 4 659 2.9 45-1 
3-10a 56 81 . * 61 60 I5 4 288 10.4 48.6 
3-10b 89 53 eo 2 50 50 : © 244 0.8 41.4 
3-I10C 181 144 2 I 85 124 ?) 0.7 39.0 


6 gives a single backcross where the order d;-/g-T is indicated. Some fur- 
ther data involving backcrosses with a single gene will be presented in the 
discussion of the particular translocation involved. 
























TABLE 5 
Backcross progenies from a ee 
ad + Ig 
RECOMBINATIONS PERCENT 
TRANS- PARENTAL — RECOMBINATION 
LOCATION COMBINATIONS REGION REGION REGIONS TOTAL — 

I 2 5,2 d,-T T-lg2 
I-3a 139 119 38 38 gS s 26 355 23-4 5-9 
3-58 53 41 17 17 6 5 o 0 139 24.5 7-9 
3-6a 77 107 ys 64% 8 13 . «4 250 18.0 12.0 
3-78 119 100 30 26 23 19 a 327 20.2 15.9 
3-8a 30 40 13 16 $ t o 3 105 29.5 Ey | 
3-8b 37 32 ; 3 4 23 B 8 gl 17.6 8.8 
3-98 77 5 21 39 26 It I2 15 256 34.0 25.0 
3-10a 80 52 m 7 20 «9 e 5 180 10.6 17.2 

















TRANSLOCATIONS IN MAIZE 

















TABLE 6 
- a 
Backcross progeny from ————————- 
d, Lge + 
RECOMBINATIONS PERCENT 
TRANS- PARENTAL RECOMBINATION 
LOCATION COMBINATIONS REGION REGION REGIONS TOTAL 

I 2 I,2 d;-lgo Igo-T 
3-9b 46 46 19 28 3 6 3 0 151 33-1 7-9 





SUMMARY OF INFORMATION ON INDIVIDUAL TRANSLOCATIONS 
Ti-3a 


For determination of linkage position, the data from tables 1, 4 and 5 
may be summarized as follows: 


Table 1 224 plants T-12.9-na-25.9-a1 
Table 4 401 plants ts4-4.2-T-46.6-a, 
Table 5 355 plants d,-23.4-T-5.9=lg2 


The translocation lies between d; and the two genes /g2 and na, closer to 
the latter. The order with reference to és, is uncertain, but the relatively 
low crossing over between T and either /g2 or ma suggests as the probable 
order ¢s4-T-lg2. The observed cytological position is about L.2. 


T1-3d 
In addition to the backcrosses listed in tables 3 and 5, a backcross prog- 


eny of 170 plants involving only ma gave 74 crossovers, or a percentage of 
43.5. These data may be summarized as follows: 


Table 3 83 plants T-25.3-tS4-56.6-a1 
Table 5 336 plants d,-0.6-T-33.3-lg2 
na 170 plants T-43.5-na 


The translocation is very close to d; near the left end of the map. The order 
with reference to d; is uncertain, but the data of table 5 favor the order 
T-d,-ts4. 
T2-3a 

This translocation is under investigation by Dr. C. R. BurNnHay, Divi- 
sion of Agronomy and Plant Genetics, University of Minnesota, St. Paul. 
Dr. BURNHAM kindly permits us to state that, according to his observa- 
tions, the break in chromosome 3 is about midway between the centromere 
and the end of the long arm. Further unpublished results of genetic tests 
by Dr. Burnham have given the following percentages of recombination: 
@,-21.6; ts4-15.1; Ma-10.4. 
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T2-3b 

The data from table 4 show the translocation to be close to és,. The 
crossing over shown is 1.1 percent. In view of the long map distaace be- 
tween fs, and a;, the data do not show whether the translocation is to the 
left or right of és,. Preliminary cytological observations indicate a great 
deal of non-homologous pairing, with the possibility that an additional 
chromosomal disturbance has occurred at or near the point of interchange. 


T2-3¢ 
The data from tables 1, 3, and 5 together with an additional backcross 
involving only és, are as follows: 


Table 1 191 plants T-33.5-mda-35.1-@1 
Table 3 489 plants T-18.6-t54-51.7-@1 
Additional és, 81 plants T-12.1-ts4 

Table 5 608 plants d,-0.8-T-35.4-lg2 


The translocation is very close to d;, with the order uncertain. The data 
slightly favor the order T-d,-ts. 
T2-3d 
The backcross data from table 2 are augmented by larger backcross 
progenies involving the genes va and a, separately. 


Table 182 plants na-14.8-T-6.0-a; 
Additional na 439 plants na-12.3-T 
Additional a, 200 plants T-8.0-a; 


The translocation is between ua and 4, being closer to a;. Of the known 
chromosome 3 translocations, it is nearest to the right end of the chromo- 
some map. An average of all backcrosses gives the map values, na-13.0- 
T-7. I-d@ 


T2-3e 
The data from tables 2 and 4 are as follows: 
Table 2 226 plants na-7.5-T-25.7-a1 
Table 4 359 plants tS 4-22.0-T-17.5-a1 


The translocation is between na and a, being closer to ma. The average 
crossover value for the T-a, interval is 20.7 percent. 


T3-5a 


The only linkage data available are those of table 5 showing the order 
to be d,-24.5-T-7.9-lg2. 
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T3-5b 
The data from tables 2 and 4 are as follows: 
Table 2 393 plants na-4.8-T-16.0-a; 
Table 4 328 plants ts4-35.1-T-22.9-a1 
The translocation is between ma and a,, being closer to ma. The average 
for the T-a, interval is 19. 
T3-5¢ 
The data given in table 2, based on a backcross progeny of 478 plants, 
give the following order: ma-11.7-T.12.6-a;. The translocation is about mid- 
way between na and a. 
T3-6a 
Data from tables 1 and 5 and from an additional backcross involving 
only a, are as follows: 


Table 1 324 plants T-33.0-na-36.4-a1 
Table 5 250 plants d,-18.0-T-12.0-lg2 
Additional a; 151 plants T-45.0-a1 


The translocation is in the middle portion of the section between d, and 
lg. The linkage relation to ts, is unknown. 


T3-6b 
Cytological observations by CLARKE and ANDERSON (1934) place the 
interchange well out on the short arm, at about S.8. Backcrosses with 
d, gave only one crossover among 219 plants. The translocation is very 
close to d,. 


T3-7a 
The data from tables 4 and 5 are as follows: 
Table 4 200 plants ts4-5.0-T-52.5-a1 
Table 5 327 plants d,-20.2-T-15.9-lg2 


The translocation is in the mid-region between d, and /gs, a short distance 
from ts,. The direction from és, is uncertain. 


T3-7b 
The data from tables 1, 3 and 5 are as follows: 
Table 1 559 plants T-43.5-na-38.6-a; 
Table 3 535 plants T-27.3-tS4-49.3-@1 
Table 5 500 plants = d;-0.4-T-43.8-lg2 


The translocation is very close to d;. While the order is uncertain, the data 
from table 5 slightly favor T-d,-is,. Cytological observation places the 
interchange well out on the short arm, at about S.8. 
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T3-7¢ 
The small backcross family of 45 plants listed in table 4 indicates a 
position midway between és, and a;. The cytological position of the inter- 


change is about halfway, or slightly more than half way, out on the long 
arm, (L.5 to L.6). 


T3-8a 
Data from tables 1, 4 and 5 are as follows: 
Table 1 337 plants T-11.6-na-33.2-a1 
Table 4 683 plants ts4-2.5-T-34.4-a1 
Table 5 105 plants d,-29.5-T-5.7-lg2 


The translocation is rather close to és,. The order with reference to és, is 
uncertain, but the relatively low crossing over with ma and /g2 suggests 
the order ¢s,-T-na. The cytological position is about L.6. The cytological 
preparations were among the earliest ones made, and are less reliable 
than those made more recently. 


T3-8b 


In addition to data from tables 1 and 5, there are available some data 
on backcrosses with és, and with /ge. 


Table 1 136 plants T-33.8-na-40.4-d1 
Table 5 gt plants d,-17.6-T-8.8-lg2 
Additional lg» 199 plants T-17.6-lg2 
Additional és, 264 plants no crossovers 


The translocation is very close to és,. The cytological position of the break 
is in the long arm, not far from the centromere (about L.1). 


T3-9a 
Data from tables 4 and 5 are as follows: 
Table 4 659 plants ts4-2.9-T-45.1-@1 
Table 5 256 plants d:-34.0-T-25.0-lg2 


The translocation is near ¢s, but the order with reference to this locus is 
uncertain. 
T3-9b 
Besides the data in tables 4 and 6, there is one backcross progeny involv- 
ing only a. 


Table 4 140 plants ts4-32.1-T-13.6-a; 
Table 6 151 plants d,-33.1-lg2-7.9-T 
Additional a, 155 plants T-24.5-d1 


The translocation is probably to the right of /g.in the direction of a,, but 
the data are not conclusive. A three-point test with ma a; or lg a, is needed. 
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T3-9c 

No backcross data have as yet been obtained. A few small F- cultures 

from a cross with na a, showed a considerable amount of crossing over 

between T and na, indicating a position for the translocation well to the 


left of na. This is in agreement with the cytological placement of the 
break at L.r. 


T3-10a 
Data are available from tables 1, 4 and 5 from an additional backcross 
involving only d,. 


Table 1 255 plants T-31.0-ma-34.9-d1 
Table 4 288 plants ts4-10.4-T-48.6-a, 
Table 5 180 plants d,-10.6-T-17.2-lg2 
Additional d,; 71 plants d,-12.7-T 


The data are somewhat conflicting, but indicate the position of the trans- 
location as nearest to és,. The data from table 4 favor d,-T-ts, as the most 
probable order. The cytological position of the break is recorded as L.1 
to L.2. 


T3-10b 
Data from tables 1 and 4 are as follows: 
Table 1 245 plants T-32.2-ma-32.2-a, 
Table 4 244 plants ts4-0.8-T-41.1-a 


The translocation is very close to és4. 


T3-10¢ 
The backcross data on 538 plants listed in table 4 show o.7 percent cross- 
ing over with és, and 39.0 percent with a. 


THE DISTRIBUTION OF THE TRANSLOCATIONS ON THE CHROMOSOME 


The translocations involving chromosome 3 fall into three groups on 
the basis of present data: (1) a group of four at the left end rather closely 
linked to d; (2) a group of five or six at the right end in the vicinity of na 
and a, and (3) the remaining translocations in the whole middle region 
of the chromosome map which show fairly close linkage with és,. 

The group of translocations at the left end may be tabulated as follows: 


Cytological Crossing over Crossing over 


position with d, with ts, 
T3-6b S.8 0.5 
3-7b S.8 0.4 27.3 
2-3C S.8 0.8 17.7 


1-3d 0.6 25.3 
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In each of these the crossing over with d, is less than one percent. The 
three which have been studied cytologically have the interchange well out 
toward the end of the short arm of the chromosome. 

The group at the right end may be tabulated in similar fashion: 


T3-7¢ is4-20.0-T-22.2-a 
3-9b lge- 7.9-T-18.0-a, 
3-5b na- 4.8-T-19.1-a, 
2-3¢ na- 7.5-T-20.7-a, 
3-5C na-11.7-T-12.6-a, 
2-3d na-13.0-T- 7.1-a, 


Only one of these, T3-7c, has been studied cytologically, its position 
being about L.6. But here the linkage data are so few that they can only 
be taken as indicating the position of the translocation in the general 
neighborhood of /gz and na. 

The remaining translocations form a group rather closely linked to és,. 
The direction from és, in each case is uncertain due to the long distante 
between the two genes /s, and a, used in the tests. Those tested with 
d,lgz lie within this long interval, well away from either gene. Most of the 
translocations appear to partially suppress crossing over. These transloca- 
tions are listed in table 7, arranged roughly in the order of the observed 
crossing over with d, and /gs, where such data are available. 


TABLE 7 


Translocations closely linked to ts«. 











PERCENT CROSSING OVER WITH 








TRANS- CYTOLOGICAL 
LOCATION POSITION ds Igs tse wi 
T3-9a 34.0 25.0 2.9 
3-74 S.2 20.2 15.9 5.0 
3-8b L.t 17.6 14.8 ° 33.8 
3-9C L.1 
3-10a L.1 1.3 z7.2 10.4 31.0 
2-3b I.1 
3-10b 0.8 32.2 
3-10C 0.7 
3-6a 18.0 12.0 33-0 
3-58 24.5 7-9 
I-3a L.2 23.4 5-9 2 12.9 
3-8a L.6 29.5 5.7 2.5 11.6 





The apparent grouping of more than half of the translocations close to 
ts, is probably due in part to a partial suppression of crossing over in at 
least some of the translocations. It is also suggested that there may be a 
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considerable part of the middle portion of the chromosome in which rela- 
tively little crossing over takes place. 

The centromere cannot yet be located with any certainty, except that its 
position must lie somewhere in the long region between d; on the left and 
the two genes /g2 and ua on the right. The most probable location is near 
ts,. Closer determination must await further cytological study and linkage 
tests with homozygous translocations. 


SUMMARY 


Studies are reported on 21 translocations in maize involving chromo- 
some 3. The translocations are distributed from the neighborhood of d,, 
well out on the short arm, almost to a; in the distal part of the long arm. 
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INTRODUCTION 


bin success of BLAKESLEE and AvERY (1937) and of NEBEL and 
RUTTLE (1938) in inducing polyploidy in plants by means of colchi- 
cine treatments has been followed by investigations of other plant ma- 
terials by a number of workers (E1GsTI 1938, WALKER 1938, DERMEN 
1939, LEVAN 1938, and Rasmusson and LEVAN 1939). While polyploid 
plants have been obtained by treating diploid plants with colchicine, ap- 
parently no workers with animal materials have reported the production 
of polyploid animal forms by the use of the drug. Naturally occurring poly- 
ploidy is rare in animals but quite common among plants. DoBZzHANSKY 
(1937, Pp. 219) states that “the prevalence of the polyploid series of chromo- 
some numbers in plants and their relative scarcity among animals consti- 
tutes the greatest known difference between the evolutionary patterns 
in the two kingdoms.” 

During the summer of 1937 the authors became interested in the prob- 
lem of treating the parthenogenetic eggs of a cladoceran with colchicine. 
It was hoped that colchicine might produce results in the developing dip- 
loid parthenogenetic egg of a cladoceran that would be comparable with 
results already obtained in plants. It seemed theoretically possible to in- 
duce tetraploidy in the developing parthenogenetic egg and thereby obtain 
a tetraploid clone of Cladocera. Presumably a tetraploid cladoceran, if 
obtained, could readily be propagated by parthenogenesis. Tetraploid or 
polyploid bisexual a.:‘mals, for example Drosophila, have been shown to 
yield many sterile intersexes among their offspring—a fact commonly ex- 
plained by the chromosome balance theory of sex determination (BRIDGES 
1925). 

The authors acknowledge the assistance of Miss RAE WHITNEY in 
preparing camera lucida drawings and in making cytological studies of 
some of the material. The technical advice of Dr. THELMA R. Woop on 
certain points of procedure is also acknowledged. Mr. MAtcoim REID 
collaborated during the early part of the work. 


MATERIALS AND METHODS 


In all the experiments with colchicine to be reported in this paper a 
single clone of Daphnia longispina was used. This clone (Banta’s Line 


1 Submitted by H. Howarp Dunnam in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy at Brown University, October, 1939. 
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1284) has been studied thoroughly in this laboratory and certain highly re- 
liable norms have been established as regards instar duration, average 
numbers of young produced, growth, and duration of life (BANTA 1939). 

In parthenogenetic reproduction, D. longispina mothers carry the de- 
veloping young in a brood chamber until they are capable of entering 
upon a free-swimming existence at which time they are released (“birth”). 
The newly released young (ordinarily females) pass through three succes- 
sive molts each of which marks the end of a juvenile instar. During the 
fourth (adolescent) instar the first clutch of parthenogenetic eggs appears 
in the ovaries. At the beginning of the fifth (first adult) instar the first 
clutch of eggs passes into the brood chamber. During the fifth instar these 
eggs develop in the brood chamber into young capable of a free-swimming 
existence and are released shortly before the mother molts the fifth time. 
The mother normally passes through 12 to 16 more instars before death, 
procucing in each instar a brood of young from parthenogenetic eggs. 

Manure infusion culture medium (BANTA 1921) was used throughout. 
In the nine series of colchicine treatments of the parthenogenetic eggs the 
proper amounts of a stock solution of colchicine were added to a given 
volume of the culture medium to yield a solution of the desired concen- 
tration of colchicine in culture medium. In the first three series of colchi- 
cine treatments young females in the fourth (adolescent) instar were 
placed in colchicine medium a few hours before the first clutch of eggs was 
to enter the brood chamber (beginning of fifth instar). In these three series 
the mothers were removed to culture medium without colchicine two hours 
after the eggs entered the brood chamber. In all later experiments each 
mother was placed in colchicine culture medium immediately after a 
clutch of parthenogenetic eggs had entered the brood chamber. The brood 
chamber is open to the surrounding medium so that eggs in the brood 
chamber were exposed to the colchicine in the culture medium. 

Controls (untreated) were included in every series. All young obtained 
from colchicine-treated eggs and all young from sister control mothers 
in every series were isolated into separate bottles of culture medium at the 
time of their release and were reared until adult or until death. Every 
animal obtained from either colchicine-treated eggs or from control 
mothers was studied carefully for at least one or more adult instars or 
until death. Any individuals which did not appear quite typical morpho- 
logically or normal as regards growth and reproduction were given espe- 
cially close attention. In nearly all cases young from apparently atypical 
animals were studied to determine whether the apparently abnormal char- 
acteristics were inheritable. Thus the general method of procedure was to 
attempt to discover any possible mutants among either the control or 
colchicine-treated groups. 
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TREATMENTS 


The essential features of all nine of the series of treatments of the eggs 
are set forth in table 1. The treatments used are briefly outlined in the two 
left-hand columns. The three columns at the right in table 1 refer to the 
offspring developed from either treated or control eggs which were of espe- 
cial interest to this study. Thus in Series I among 127 animals obtained 
from eggs treated for from seven to eleven hours at a concentration of 
1/1,000,000 parts of colchicine by weight ten were sterile, producing no 
eggs. None of these 127 fell into the second category of animals which 
produced eggs that failed to develop. At the extreme right of the table is 
a column wherein are recorded cases of mutant clones obtained. One of 
the 127 animals under consideration gave rise to young by parthenogenesis 
which were distinctly different from the normal clone (Line 1284) and 
established a mutant clone (Line 49). 

Series II and III yielded no animals which served to establish mutant 
clones. However, in each there were obtained several animals from treated 
eggs which either produced no eggs or produced varying numbers of par- 
thenogenetic eggs which failed to develop or only partially developed. In 
either case it might be that mutations were involved which served to ren- 
der the animals sterile and prevented their producing any eggs or, in 
individuals which produced eggs, prevented development of the eggs. 

It will be noted that certain series of experiments yielded: no results of 
any interest while from other series there were obtained considerable num- 
bers of atypical offspring from treated eggs. Series V was, in certain re- 
spects, the most successful of all in that a total of 20 peculiar individuals 
were obtained among a group of 147 young from eggs treated at a concen- 
tration of 3/400,000 for one and one-half hours. It is interesting to note 
that among 167 animals from eggs treated simultaneously at the same 
concentration but for 20 minutes less time no unusual individuals ap- 
peared. 

The treatments had to be carried out at room temperature which gen- 
erally varied not more than one degree during the course of one series of 
treatments. Between different series, however, the temperature variation 
was much greater. In Series VI the average temperature was 23.5°C while 
in Series VII it was close to 17.0°C. Equal concentrations and periods of 
treatment in these two series gave very different results. In Series VI only 
two of approximately 180 treated eggs developed while in Series VII al- 
most none of the treated eggs failed to develop. These two series represent 
extremes with respect to temperature and demonstrate that the toxicity 
of the drug toward the eggs is considerably increased at higher tempera- 
tures. 

The totals at the end of table 1 afford a brief summary of the nine series 











Summary of results of colchicine treatment on Daphnia longispina, Series I-IX. 
In Series I-III treatments were begun before egg laying and continued two hours after the 
eggs were in the brood chamber. 
In Series IV to IX treatments were begun promptly at egg laying and continued for the pe- 


riods indicated in the table. 
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TABLE I 








PECULIAR ANIMALS FROM TREATED EGGS 








DURATION 
CONCEN- NUMBER 
OF YOUNG 
TRATION OF PRODUCED PRODUCED MUTANT 
TREATMENT PRODUCED 
PARTS BY WT. Guna) MOTHERS NO EGGS; NO CLONES 
4 £GGS YOUNG OBTAINED 
Series I. (10/11/37) 
1/1,000,000 7-11 12 127 10 ° I 
1/10,000,000 Q-II 12 144 I ° ° 
Controls — 5 69 ° ° ° 
Series II. (11/14/37) 
1/10,000 84-16} 38 ° — — — 
1/100,000 5-14 29 ° _— — 
1/1,000,000 93-133 20 286 5 5 ° 
Co. -ols _— 5 81 ° ° ° 
Series III. (11/30/37) 
1/100,000 6-8 5 ° — — — 
1/200,000 6-11 4 ° = — is 
1/400,000 9-13 5 24 I ° ° 
1/600,000 Q-12 5 65 3 2 ° 
1/800, 000 7-11 5 65 I ° ° 
1/1,000,000 6-11 5 66 ° ° ° 
Controls —_ 2 28 ° ° ° 
Series IV. (2/13/38) 
+/100,000 3-1 8 62 ° ° ° 
3/400, 000 13 I 14 ° ° ° 
Controls _ I 12 ° ° ° 
Series V. (2/27/38) 
3/400,000 1} 6 147 8 8 4 
3/400,000 1% 6 167 ° ° ° 
Cont rwls 2 58 re) ° ° 
Series VI. (8/24/38) 
3/ 400,000 1} 9 2 ° ° ° 
Controls _ 3 32 ° ° ° 
Series VII. (9/6/38) 
3/400,000 14 10 130 ° ° ° 
Controls — 5 36 ° ° ° 
Series VIII. (11/4/38) 
3/400,000 10 192 ° ° ° 


Controls 


40° 
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TABLE 1—Continued 





PECULIAR ANIMALS FROM TREATED EGGS 








DURATION 
CONCEN- NUMBER 
OF YOUNG 
TRATION OF PRODUCED PRODUCED MUTANT 
TREATMENT PRODUCED 
PARTS BY WT. (uae) MOTHERS NO EGGS; NO CLONES 
3 
EGGS YOUNG OBTAINED 
Series IX. (1/13/39) 
1/100,000 13 4 26 2 I I 
1/100,000 1} 3 58 ° I ° 
1/100,000 I 3 47 I I ° 
3/400, 000 13 6 126 I 2 I 
Controls _— 5 113 ° ° ° 
Totals 
Treated — 206 1748 33 20 i 
Controls — 28 469 ° ° ° 





of experiments. Of 1748 animals hatched from treated eggs 33 produced no 
eggs at any time in life. Moreover, among these none showed any micro- 
scopically detectable signs of ovarian activity at any time (repeated ex- 
amination of the live animals). The second category is rather arbitrary. Jt 
includes all animals (20 from treated eggs) which produced some partheno- 
genetic eggs none of which developed. Some of these 20 produced nearly 
as many eggs as normal animals while others produced few (two to five 
eggs). While the 33 which produced no eggs and the 20 which produced 
eggs incapable of development were all sterile in effect, for convenience 
the two groups are considered separately. 

Seven stem mothers which gave rise to mutant clones were obtained 
from among the 1748 animals from treated eggs. Each mutant clone so 
obtained was arbitrarily assigned a line number for purposes of conveni- 
ence. Series I yielded the mutant clone, Line 49. From Series V were ob- 
tained Lines 86, 123, 159 and 171. Series IX produced the mutant clones, 
Lines 5 and 146. 


MORPHOLOGICAL PECULIARITIES OF THE MUTANT CLONES 


Some of the seven mutant clones exhibited certain morphological fea- 
tures that were more or less peculiar to these clones. However, in each 
clone exhibiting such morphological peculiarities there was a wide range 
of variability in degree of manifestation of the unusual feature. Simple 
body outlines drawn by camera lucida serve to illustrate some of the 
abnormal tendencies exhibited by some lines. Figure 1 shows an animal of 
the normal parent clone (Line 1284). Figure 2 shows an animal of Line 
49 with a pronounced tendency for the body proper to project beyond the 
posterior margins of the valves of the carapace. This abnormal tendency 
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was also shown by animals of Lines 86 and 159 and rarely by individuals 
of Line 123. In these four lines there was also a tendency among the ani- 
mals to exhibit a gap between the beak and the anterior margins of the 
valves of the carapace. This latter peculiarity occurred especially fre- 
quently among animals of Line 123 (see figure 3). 





FiGurRE 1.—Camera lucida outline of a normal animal of Line 1284. 
Age 10 days; actual body length 2.41 mm. 

FicurE 2.—Projection drawing of the outline of an animal of Line 49 (an- 
tennae omitted). Age 9.5 days; instar and body length not recorded. 
FIGURE 3.—Camera lucida outline of an animal of Line 123; 8th 

instar. Actual body length 2.00 mm. 
Ficure 4.—Camera lucida outline of an animal of Line 146. Age 27 days; 
actual body length 2.06 mm. 


Animals of Line 171 were extremely dwarfish but otherwise showed no 
morphological peculiarities. Line 5 was represented by only five animals 
produced by the stem mother of the clone. None of these five animals of 
the first parthenogenetic generation attained maturity. Figure 4 is an 
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outline of an animal of Line 146. The posterior margin of the beak in these 
animals characteristically lay between the anterior margins of the valves 
of the carapace.This peculiarity was interesting in that it was the opposite 
of the gaping condition already described which occurred in animals of 
Lines 123, 49, 86, and 159. 


PHYSIOLOGICAL CHARACTERISTICS OF THE CLONES 


During April and May, 1938, groups of animals from each of the four 
mutant clones (49, 86, 123, 171) were simultaneously studied from birth 
to old age and death in comparison with a control group of animals of 
Line 1284, the parent clone. In Line 40 the 16th parthenogenetic genera- 
tion was used; in Line 86 the third; in Line 123 the fourth; and in Line 171 
the second and third parthogenetic generations. All animals used in this 
study were within two days of the same age. 

The numbers of animals of each line involved in this study are listed 
in table 2. Greater numbers were used for each mutant clone than for 


TABLE 2 


Average longevity (days) of four mutant lines compared with parent clone (Line 1284). Spring 1938. 














NO. IN GROUP AV. FOR ANIMALS 
NO. STARTED AV. FOR ENTIRE 
GROUP REACHING REACAING 
IN GROUP GROUP 
MATURITY MATURITY 
1284 25 35.8 25 35.8 
123 43 13.3 25 21.1 
86 47 15.2 39 17.7 
49 41 10.4 22 15.8 
171 48 6.3 12 19.1 


Percent surviving given number of days for the above five groups 


Line sdays 1odays 1sdays 20 days 25 days 30days 35 days 40 days 45 days 
1284 100% 100% 100% 96% 96% 80% 56% 28% 16% 
123 60.5 58.1 51.2 39-5 11.6 0.0 

86 80.9 92.3 53-2 34.0 8.5 0.0 

49 58.5 46.3 34.1 4-9 4-9 2.4 0.0 

17! 25.0 18.8 16.7 12.5 4.1 0.0 





controls because of the lower viability characteristic of all mutant clones. 
The data included in table 2 reveal that average longevity for each mutant 
clone was distinctly below that of the controls (Line 1284). Considerable 
numbers of animals in each mutant clone failed to reach maturity. In 
the lower part of table 2 it is shown that few or none of the animals in the 
mutant clones lived for 30 days. Eighty percent of the controls (Line 1284) 
lived beyond 30 days. 

Curves representing growth (fig. 5) and reproductive data (fig. 6) clearly 
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FicurE 5.—Growth curves for Lines 49, 86, 123, 171 and 1284 (Spring 1938). 
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FiGuRE 6.—Average numbers of young per mother each instar: Lines 
49, 86, 123, 171 and 1284 (Spring 1938). 
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demonstrate the great differences between the normal parent clone (Line 
1284) and the mutant clones. While these two figures require no further 
explanation it is of interest to note the practical identity of the growth 
curves for Lines 49 and 86. This is especially noteworthy in connection 
with the fact that animals of Lines 49 and 86 were morphologically indis- 
tinguishable. Line 171 was the most inferior as regards growth as it was in 
general viability. In figure 6 it appears that none of the animals of Line 
171 reproduced until in the seventh instar whereas the other mutant ani- 
mals of each line (a few at least) began to reproduce in the fifth instar, 
which is normal for D. longis pina. 

Line 123 was induced to reproduce sexualiy by means of a crowding 
technique described by Woop (1932, 1938) and by Woop and Banta 
(1932) in order to study biparental inheritance in this clone. When Line 
123 was thus inbred none of the forty-two fertilized sexual eggs obtained 
could be induced to hatch. Matings of females of Line 123 with normal 
males of Line 1284 resulted in sexual eggs a small percentage of which 
could be hatched. A similar small percentage of sexual eggs obtained from 
normal females of Line 1284 mated with males of the mutant Line 123 
hatched. Individuals hatching from either type of mating were distinctly 
not normal as compared with Line 1284. 


REVERSION TO NORMAL IN CERTAIN MUTANT CLONES 


At the beginning of the summer of 1938 four mutant clones derived from 
Line 1284 by colchicine treatments were being maintained. These were 
Lines 49, 86, 123, and 171. In stock cultures of these clones 20 or more ani- 
mals of each were reared in each generation. Generally the first few par- 
thenogenetic females to reproduce in each generation served as the mothers 
of the next generation. Less detailed attention was given these clones dur- 
ing the summer than they received during their active study. 

In July one young mother in the 24th parthenogenetic generation of 
Line 49 produced 12 young in her first brood. This was an abnormally 
large brood for an animal of this clone, being about normal for a first 
brood in Line 1284. Nevertheless these 12 young were (unwisely) used 
as members of the 25th generation of the clone. When these 12 had reached 
maturity it was realized that they resembled animals of Line 1284 more 
closely than they did animals of Line 49. In other words the mother of 
these +2 presumably was either normal in all respects herseli or at least 
gave rise to normal young. The fact that the mother of these 12 young pro- 
duced such a large brood suggests that she was normal. In this case Line 
49 (in the mutant condition) was lost because all animals of the mutant 
stock had been discarded or were no longer producing young when this 
reversion to normal was recognized. 
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Line 86 (as a mutant clone) was likewise lost about two weeks later 
because of a similar reversion to normal that appears to have occurred in 
this clone in either the 13th or 14th parthenogenetic generation. The 
stocks of Lines 49 and 86 after their apparent reversion to normal were 
kept for a number of generations and continued to appear normal (like 
Line 1284) in all respects. Finally in October and November, 1938, 50 
animals of Line 1284 were studied in parallel with a group of 40 animals of 
Line 49 and with a group of 50 of Line 86. The animals of Line 49 in this 
study were of the 36th parthenogenetic generation after the origin of the 
line; and those of Line 86 were of the 24th generation. This study was 
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Ficure 7.—Growth curves for Lines 49, 86, and 1284 after rever- 
sion to normal of Lines 49 and 86. 


made in order to determine whether the apparent reversion to normal in 
the two formerly mutant clones had been complete. Data for growth and 
reproduction of these three clones so compared are presented graphically 
in figures 7 and 8. The three clones were indistinguishable in all respects 
so that it appeared that Lines 49 and 86 had reverted completely to the 
normal condition after 24 and 14 generations respectively as distinct mu- 
tant cones. Comparison of the curves for growth (fig. 5) and for reproduc- 
tion (fig. 6) for Lines 49 and 86 in the mutant state with figures 7 and 8 
reveal how striking had been the change in both mutant clones when the 
reversion to normal occurred. 

Line 171 failed to survive the summer of 1938. The last parthenogenetic 
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generation of this clone that could be obtained was the ninth. Line 123 
continued through the summer of 1938 in the mutant condition. However, 
in November, 1938, one animal of the 29th parthenogenetic generation of 
this line appeared to be normal and gave rise to what appeared to be nor- 
mal offspring. All other individuals of the 29th generation of Line 123 were 
typical mutant individuals. By rearing successive generations from the 
one apparently normal animal which occurred in this line a normal sub- 
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Ficure 8.—Average nimbers of young per mother each instar (Lines 49, 86, and 
1284) after reversion to normal in Lines 49 and 86. 


clone of Line 123 was established and was propagated along with the mu- 
tant Line 123. A study of this apparently normal sub-clone of Line 123 
revealed that it was indistinguishable from Line 1284. In other words a 
complete reversion to normal was observed in Line 123 as had already 
happened in Lines 49 and 86. Mutant Line 122 is still being maintained 
after having passed through more than sixty parthenogenetic generations 
without noticeable change, except for the one case of reversion to normal 
just noted. 


SPONTANEOUS MUTATION IN LINE 1284 


No animal hatching from untreated eggs (controls) in the several series 
of colchicine treatments appeared in any respect significantly atypical for 
members of the normal clone (Line 1284). Line 1284 has been studied very 
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extensively in this laboratory but until now no spontaneous mutation has 
appeared which manifested itself phenotypically in parthenogenetic re- 
production. BANTA (1939) has described spontaneous mutations occurring 
in other clones of Cladocera and has shown how recessive, spontaneous 
mutations arise and accumulate during parthenogenetic reproduction in 
these clones. These recessive mutations are made evident only when 
allowed to become homozygous during sexual reproduction. 

In a group of control animals used for comparison of Line 1284 with 
Lines 49 and 86 after the reversion to normal in the latter two lines, there 
was one atypical, but supposedly genetically normal, individual. By par- 
thenogenesis this female gave rise to only a few young which were reared 
for study and found to be highly abnormal in a number of respects. By 
parthenogenetic reproduction this newly derived mutant clone (Line 89) 
was propagated for five successive generations but could not be maintained 
longer. All animals of this clone except the stem mother grew at a sub- 
normal rate and all, including the stem mother, were inferior in reproduc- 
tive capacity. Morphological peculiarities of the individuals included 
irregular body outline (wrinkling of carapace) and the highly abnormal 
lobed appearance of the eyes exhibited by the majority of the clone. Figure 
1 of anormal animal and figures 9 and 10 serve to illustrate these morpho- 
logical peculiarities. 


; » 
FicurE 9.—Camera lucida outline of the head of an animal of Line 89 showing 
two pigmented lobes of the eyes. Age of animal, 7 days. 


FicurE 10.—Camera lucida outline of the head of another animal of Line 89 show- 
ing less extreme irregularity of the eye. Age of animal, 4 days. 





10 


CYTOLOGICAL STUDY OF LINE 123 


Miss RAE WHITNEY, in this laboratory, made acetocarmine smear prep- 
arations of embryos of Line 123 (mutant) and of the sub-clone of Line 
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123 which had reverted to normal, and compared the cytological picture 
obtained with that revealed in a study of the embryos of Line 1284. Miss 
WHITNEY found chromosome counts extremely difficult in this maierial 
but found the diploid number to be between 12 and 14 in the mutant and 
normal Line 123 aud in Line 1284. It seems possible that a difference in 
number of one or two chromosomes might exist between the two clones 
without cytological detection. On the basis of the cytological findings 
within this one mutant clone it seems unreasonable to suspect that the 
hereditary characters of any of the colchicine derived mutant clones de- 
pended upon the presence of a polyploid chromosomal complement. At 
the most it seems that the colchicine treatments may have given rise only 
to relatively slight numerical aberrations in the normal chromosome comp- 
lement of Line 1284, which heteroploidy might have been responsible 
for the mutant characters observed. No precise cytological findings are 
available to support even this possible interpretation. 


DISCUSSION 


Of 1748 parthenogenetically produced (diploid) animals hatched from 
colchicine treated eggs in this study, 60 were decidedly abnormal in one 
or several respects. Thirty-three of these produced no eggs nor even showed 
at any time any gross sign of ovarian activity. Twenty others produced 
eggs (eggs appeared in the brood chamber) none of which hatched. The 
numbers of eggs produced by animals in this group was quite variable— 
a few eggs to a nearly normai number. In a third group were seven animals 
which were stem mothers of mutant clones. Each of these seven produced 
a number of young and the clones thus obtained were studied for from 
one to over 60 parthenogenetic generations. 

Of 469 control animals studied in parallel with animals from treated 
eggs none showed abnormalities which were hereditary in any sense. 
However, out of thousands of animals of Line 1284 studied in other experi- 
ments, a very few individuals that produced no eggs have been noted. In 
one case a spontaneous mutation was detected in Line 1284; this is de- 
scribed in a foregoing paragraph. 

The authors consider it unlikely that any of the 60 abnormal individuals 
reported in this study were tctraploids or polyploids of any sort. This 
seems the only tenable conclusion, at least for Line 123, in view of the 
results of the cytological study of this clone. 

It is obvious that treatment of eggs with colchicine resulted in a marked 
increase in the numbers of sterile individuals (producing no eggs) obtained. 
The very failure of these individuals to produce eggs makes any genetical 
interpretation of this result highly theoretical. No explanation will be 
offered here. 
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The 20 cases of animals hatched from treated eggs which themselves 
produced eggs incapable of development are probably not to be inter- 
preted as being due to the effects of a direct somatic poisoning. We can 
scarcely conceive that a sufficient amuunt of colchicine could have been 
carried through the development of an individual to so poison eggs pro- 
duced by that individual as to prevent development of these latter eggs. 
Apparently in these 20 cases a truly hereditary inability of the eggs to 
develop was effected by means of the colchicine treatments. 

It is paradoxical that these animals themselves should have been able 
to develop from the treated eggs inasmuch as they apparently bore genetic 
factors inhibiting development of their own eggs. Most of these individ- 
uals, strangely enough, were fairly vigorous as regards their own growth 
and their viability. These 20 individuals were hatched from eggs which had 
undergone maturation within the ovaries of normal mothers before the 
colchicine treatment was applied, or in the earlier series, presumably be- 
fore the treatments had become effective. The colchicine treatments, for 
the most part, were not imposed upon the eggs until they had entered the 
brood chamber at which time the one non-reductional maturation division 
is well advanced or completed (KUHN 1908, ALLEN and BAHTA 1929). We 
are inclined to believe that the genetic factors involved in these cases 
were of such nature as to exert their influence during some ovarian stage 
of egg development (in the ovaries of mothers which themselves came from 
treated eggs). Thus eggs produced by these mothers may have failed to 
develop because of genetic factors operating in a lethal manner at an early 
stage of their ovarian development or at maturation. This suggestion at 
least provides us with a conceptual solution of the paradox. By extension 
of this idea it seems possible to explain the fact that the stem mother of 
each mutant clone was vegetatively superior to her offspring and likewise 
superior to all subsequent generations of the derived clone. 

For the seven mutant clones discussed in foregoing paragraphs the most 
reasonable interpretation again appears to be genetic. The term genetic 
is here used in its broadest sense to include the possibility of chromosome 
changes of greater extent than single gene mutations. The evidence de- 
rived from experiments involving sexual reproduction in Lines 1284 (the 
normal clone) and 123 (mutant clone derived from Line 1284 by colchicine 
treatment) serve as one line of evidence that the hereditary change in- 
volved in the case of Line 123 was nuclear rather than cytoplasmic. Sexual 
eggs produced when Line 123 was inbred failed to hatch while a few of the 
sexual eggs produced by Line 123 females mated with Line 1284 males 
hatched; and eggs produced by Line 1284 females mated with Line 123 
males also hatched in a few cases. It thus appears that a nuclear contribu- 
tion of Line 1284 was necessary if the egg was to develop. The egg cytc- 
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plasm of Line 123 did not appear to affect hatchability of the sexual egg 
when such eggs had been fertilized by Line 1284 males. In the case of Line 
123 at least it seems reasonable to conclude that, whatever the nature of 
the mechanism underlying the characteristics of the mutant clone, it was 
nuclear rather than cytoplasmic—gene mutations or chromosomal effects, 
possibly heteroploidy. 

In the three distinct cases of reversion of mutant clones to normal we 
can only suppose that, in some manner, the genetic constitution of the 
normal parent clone, Line 1284, was restored in the mutant clone. 

While in this study a considerable number of colchicine-affected off- 
spring were obtained, some of which were clearly mutants, we find basis 
for only tentative interpretation. In our opinion the results obtained were 
based upon gene mutations induced by colchicine treatments or upon 
chromosomal aberrations not likely to be detected by cytological methods 
in view of the technical difficulties encountered in such studies. Too little 
is known genetically and cytologically about this material to provide a 
basis for final interpretation of the results. 


SUMMARY 


Parthenogenetic eggs of, Daphnia longispina were treated with dilute 
solutions of colchicine at a late stage of ovarian development or during 
first cleavage stages in the brood chambers of the mothers. Concentrations 
used ranged from 1/10,000 to 1/10,000,000 parts of colchicine by weight. 
No atypical individuals occurred among the 469 controls while 60 unusual 
cases appeared among the 1748 from treated eggs. Of these 60 unusual 
females 33 showed no ovarian activity, 20 produced parthenogenetic eggs 
which failed to hatch, and seven were decidedly subnormal reproductively 
but gave rise to mutant clones which are described. 

In three of these mutant clones sudden and complete reversion to normal 
occurred after a number of generations in the mutant condition. One case 
of spontaneous m itation occurred in the normal parent stock (Line 1284). 

Cytological studies and sexual breeding experiments with one mutant 
clone in comparison with the normal clone failed to reveal the nature of 
the genetic changes involved in these mutations. The tentative conclusion 
that gene mutations or chromosomal aberrations are responsible for the 
hereditary changes is reached. No evidence for polyploidy is brought forth. 


LITERATURE CITED 


ALLEN, Ezra, and Banta, A. M., 1929 Growth and maturation in the parthenogenetic and sexual 
eggs of Moina macrocopa. J. Morph. and Phys. 48: 123-151. 

BantA, A. M., 1921 A convenient culture medium for daphnids. Science, N. S. §3: 557-558. 

1939 Studies on the physiology, genetics, and evolution of some Cladocera. Carnegie Institu- 

tion of Wash. Publication No. 513. 





MUTATIONS IN DAPHNIA 325 


BLAKESLEE, A. F., and Avery, Amos G., 1937 Methods of inducing doubling of chromosomes in 
plants. J. Hered. 28: 393-411. 

Brinces, C. B., 1925 Sex in relation to chromosomes and genes. Amer. Nat. 59: 127-137. 

DeERMEN, Hate, 1939 A cytological analysis of polyploidy induced by colchicine and by extremes 
of temperature. J. Hered. 29: 211-229. 

DoBzHANSKY, THEODOSIUS, 1937 Genetics and the origin of species. 364 pp. New York: Columbia 
Univ. Press. 

Ercst1, O. J., 1938 A cytological study of colchicine effects in the induction of polyploidy in 
plants. Proc. Nat. Acad. Sci. 24: 56-63. 

Ktun, ALFRED, 1908 Die Entwicklung der Keimzellen in den parthenogenetischen Generationen 
der Cladoceren Daphnia pulex und Polyphemus pediculus. Arch. f. Zellforsch. 1: 538-586. 

LEVAN, ALBERT, 1933 The effect of colchicine on root mitoses in Allium. Hereditas 24: 471-486. 

NEBEL, B. R., and Rutt te, M. L., 1938 The cytological and genetical significance of colchicine. 
J. Hered. 29: 3-9. 

RasMussON, J., and LEVAN, ALBERT, 1939 Tetraploid sugar beets from colchicine treatments. 
Hereditas 25: 97-102. 

Wa tkeER, Rutu I., 1938 The effect of colchicine on microspore mother cells and microspores of 
Tradescantia. Amer. J. Bot. 25: 280-285. 

Woop, THEtma R., 1932 Methods of procuring and hatching sexual eggs of Daphnia longispina. 
Thesis, Brown University Library. 
1938 Activation of the dormant form of fresh-water animals, with special reference to Clado- 
cera. Thesis, Brown University Library. 

Woop, THetma R., and Banta, A. M., 1932 The technique of securing and hatching sexual eggs 
for use in studying biparental inheritance in Cladocera. Proc. Sixth Int. Cong. Genetics 2: 


213-215. 














FURTHER STUDIES OF THE INTERRELATIONSHIPS 
OF CELLULAR CHARACTERS IN COLUMBIDAE! 


M. R. IRWIN anp L. J. COLE? 
University of Wisconsin, Madison, Wisconsin 


Received January 2, 1940 


|,‘ VIDENCE of the separation into distinct parts of the antigenic com- 
plex of the erythrocytes of Pearlneck (Streptopelia chinensis) not 
shared with Ring dove, has been given in a previous report (IRWIN 1939). 
This separation was observed following backcrosses to Ring dove (St. 
risoria) of their species hybrid and selected backcross hybrids. The anti- 
genic complex of Pearlneck has been divided by this method into at least 
ten characters which have behaved as units, although it is not known with 
certainty whether one or more genes are acting singly or together in the 
production of each of these so-called unit-components. This paper presents 
the results of tests on the relationship of these specific components of 
Pearlneck with a third species, the Senegal or Palm dove (St. senegalensis*), 
and, also, other interrelationships between these three species. 


MATERIALS AND METHODS 


The details of the immunological methods used to demonstrate (a) the 
similarities and differences between species in their respective antigenic 
patterns, and (b) the separation of the different specific Pearlneck com- 
ponents in the cells of backcross hybrids, have already been described 
(Irwin and COLE 1936, 1937). Essentially the same methods have been 
utilized throughout this experiment, for the different absorptions and for 
the subsequent agglutinations of the various cells with the numerous re- 
agents. 

Hybrids have been obtained between Pearlneck and Senegal, and these 
in turn have produced offspring when mated to Senegal. Although the fe- 
male hybrids of the cross of Pearlneck and Ring dove have never produced 
a living squab, the offspring of backcrosses to Senegal of the hybrid be- 
tween Pearlneck and Senegal were all obtained from two hybrid females. 
This suggests a closer relationship between Pearlneck and Senegal than 
between Pearlneck and Ring dove. 


1 Paper No. 254 from the Department of Genetics, Agricultural Experiment Station, Univer- 
sity of Wisconsin. This investigation was supported in part by grants from The Rockefeller Foun- 
dation, and from the Wisconsin Alumni Research Foundation. 

? Much valuable technical assistance in these studies has been given by former and present 
Research Assistants: WARREN G. BLAck, JOHN R. Dick, Drs. ALFRED GOLDEN and GEORGE W. 
WOOLLEY. 

3 Stigmatopelia of authors; we follow PETERS (1937). 
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As in previous reports, the senior author has performed the immunolog- 
ical tests, and the junior author has supervised the matings of the birds. 


ANALYSIS OF THE SHARING BY SENEGAL OF THE UNIT COM- 
PONENTS SPECIFIC TO PEARLNECK (NOT IN RING DOVE) 


Differences in the antigenic components of the Pearlneck and Ring dove 
are easily demonstrated following the absorptions of the antiserum (pro- 
duced in the rabbit) for either species by the cells of the other (IRWIN and 
CoLE 1936). It is of considerable interest, then, to determine whether the 
specific pattern of either of these species, as contrasted with the other, may 
be shared in part or i toto with still other species. Since probably the major 
part of the specific Pearlneck complex (not in Ring dove) has been sep- 
arated into its various components, following successive backcrosses to 
Ring dove, these cellular characters have a very pertinent use as “testers” 
to assay their respective presence or absence in other species. A parallel 
study has been reported (IRWIN 1938) on the presence or absence in both 
Pearlneck and Ring dove of specific components of Columba guinea as 
contrasted with C. livia. Although a separation has been observed of the 
specific constituents of Ring dove, not in Pearlneck, (IRWIN 1939), these 
have not been obtained in unit form and a comparable analysis for them is 
not possible. 

The results of various tests to determine the sharing or non-sharing by 
Senegal of the various constituent parts of the specific Pearlneck com- 
ponents (not in Ring dove), are given in table 1. These different component 
parts, specific to Pearlneck as compared with Ring dove, are called d-1, 
d-2,...d-11, the letter “d” indicating dove (IRWIN 19309). 

From the reactions given in table 1, it will be seen that when anti-Pearl- 
neck serum was absorbed by Ring dove cells, it became a reagent which 
would agglutinate not only the cells of Pearlneck and the F, (Pearlneck X 
Ring dove) but also those of Senegal to practically the same end-dilution. 
From this result it would be anticipated that probably several of the spe- 
cific characters of Pearlneck are present also in Senegal, since the reaction 
with Senegal cells is presumably by virtue of antigens other than those 
which either species shares with Ring dove. 

Confirmatory evidence on this point is gained by observing the interac- 
tion of the cells of Pearlneck with anti-Senegal serum absorbed by Ring 
dove cells. In this reagent, Pearlneck cells were agglutinated at practically 
the same end-dilution as were Senegal cells, paralleling the results de- 
scribed above when the Pearlneck reagent was used with Senegal cells. 
These results show that Pearlneck and Senegal have in common one or 
more antigens, either identical or related, that are not shared by either 
with Ring dove. It is not surprising, then, to find that this reagent for the 
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Senegal specific antigens (not in Ring dove), produced agglutination with 
nearly all of the cells carrying, respectively, one of the presumed unit- 
characters of Pearlneck. The same titer of serum was noted for the major- 
ity of these different characters, irrespective of whether the Pearlneck or 
Senegal reagent was used. In fact, the d-3 character was more strongly 
agglutinated in the Senegal reagent than in most of the Pearlneck reagents 
that have been available. It would be impossible, by comparing the titers 
obtained in using these two reagents, to differentiate the agglutination of 
substances d-1, d-2, d-4, d-5, d-7, d-4.d-8 and d-g, and not surely that of 
d-6. The d-11 component, however, reacted very differently in these two 
reagents. The end-dilution at which a reaction occurred for d-11 with 
the Pearineck reagent was practically the same as that for either the Pearl- 
neck or F; cells (7, 8), while with the Senegal test fluid the titer for this 
Pearlneck character was no greater than that usually obtained for several 
other Pearlneck characters (3, 4), as d-1, d-2, etc. 

On the basis of these results, we may conclude that Senegal shares with 
Pearlneck either all or at least a major part of the different cellular charac- 
ters specific to Pearlneck (contrasted with Ring dove). A more adequate 
test of the identity or similarity of these characters in Pearlneck and Sene- 
gal is possible follo ving an exhaustion of Pearlneck antiserum by the cells 
of both Ring dove and Senegal. If with this reagent there was no agglutina- 
tion of cells carrying the d-1 substance, for example, it would be assumed 
that an antigen indistinguishable from d-1, and therefore presumably 
identical to it, was present in Senegal cells. But if the reagent agglutinated 
the cells, as d-6, only a part of d-6, or a substance related to d-6, can be 
present in Senegal cells. As shown in the table, the titer of this doubly ab- 
sorbed reagent, for Pearlneck cells and for the d-6 and d-11 components, is 
the same as that of the test fluid made by the absorption with Ring dove 
cells alone. But the further absorption by Senegal cells completely removed 
the agglutinins for the following substances: d-1, d-2, d-4, d-5, d-4.d-8 and 
d-g, and possibly d-7. (Although d-7 is undoubtedly composed of two anti- 
gens (IRWIN 1939) in these tests the cells of a single individual were used 
and will be considered as but one). Conflicting results have been obtained 
in tests involving cells carrying d-3, although it is probable that a sub- 
stance, indistinguishable from d-3 of Pearlneck, is present in Senegal. 

We may conclude from these reactions that the following specific char- 
acters of Pearlneck (as contrasted with Ring dove) are shared in toto by 
Senegal: d-1, d-2, d-4, d-5, d-4.d-8 and d-g. All, or nearly all, of substances 
d-3 and d-7 are likewise probably common to Senegal. 

Definitely, however, there are no substances in Senegal which are iden- 
tical with d-6 and d-11 of Pearlneck. That there are cellular characters in 
Senegal at least related to d-6 and d-11 is evident, since Senegal anti- 
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serum, when absorbed by Ring dove cells, will react with cells carrying 
either of these two antigens. 

What reasonable explanation, then, can be given of the relationship be- 
tween the d-6 and d-11 components in Pearlneck and Senegal? If it were 
known that each of these cellular constituents of Pearlneck was due to the 
action of a single gene, we would conclude that a gene in Senegal produced 
a similar but not identical chemical effect. On the other hand, if two or 
more genes on respective chromosomes produce these two characters in 
these backcross progeny, another explanation needs to be invoked. Assum- 
ing that two or more genes are concerned in either d-6 or d-11, then one or 
more genes in Senegal may have an effect either identical with or similar to 
only a part of each of these substances of Pearlneck as they now can be 
recognized. Parallel relationships have previously been described (IRw1N 
1938) between certain unit-characters specific to C. guinea (not in C. livia) 
and related components of Pearineck. Also, the cellular components (A 
and B, M and N) of humans, each admittedly caused by a single gene, ap- 
pear either as indistinguishable or only as related characters in some of the 
species of the higher apes and lower monkeys (LANDSTEINER and MILLER 
1925, LANDSTEINER and WIENER 1937, WIENER 1938). 


SEGREGATION OF SPECIFIC PEARLNECK CHARACTERS 
FOLLOWING BACKCROSSES TO SENEGAL 


According to the results presented above, Pearlneck differs from Senegal 
chiefly, if not entirely, in that Senegal does not contain more than a part 
of the (Pearlneck) cellular characters d-6 and d-11. If this be true, the 
cells of the hybrids between Pearlneck and Senegal should possess these 
two characters, and the offspring of backcrosses of the F, to Senegal would 
be expected to show a segregation into the four kinds; namely, those whose 
corpuscles contain (1) both d-6 and d-11, (2) d-6 alone, (3) d-11 alone and 
(4) neither of the two. (Naturally, this analysis can include only the known 
constituents of Pearlneck, by which this species differs from Ring dove. 
Those characters, if any, which are not recognized at present may or may 
not be shared with Senegal, and constitute an unknown quantity in this 
analysis). 

Two different backcross progenies have been obtained in matings of two 
hybrid females to Senegal. For each of these, the family is designated by 
the number, 820 and E11, and the individuals by letters, as 20H, E11B, 
etc. One of these backcross hybrids (820L) produced offspring (family 
D967) in mating to a Senegal. The interactions of the cells of some of these 
backcross birds with various reagents are given in table 2. The majority 
of these interactions have been made twice, at different times. Owing to the 
small size of the backcross birds, only a limited amount of blood could be 
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obtained at any bleeding, thus limiting the volume of the individual re- 
agents. 

From these interactions of table 2, it will be seen that the cells of 11 
birds of the two backcross families (D820 and E11) gave definite agglutina- 
tion, and four (D820A and V2, E11N and Dz) gave only faint traces of 
agglutination, when tested with anti-Pearlneck serum absorbed by the 
cells of both Ring dove and Senegal (see first column of data). Following 
further absorptions by the cells of individual backcross hybrids, the reac- 
tions of the respective individual reagents with different cells, and particu- 
larly with the “tester cells” for substances d-6 and d-11, allow an analysis 
to be made of the antigens present in the cells of the different birds. Thus, 
if by absorption the cells of an individual bird removed the agglutinins for 
either or both of these specific Pearlneck components, we conclude that the 
particular antigen was present in the absorbing cells. 

For example, when the cells of the ¥; were used in this manner, no ag- 
glutinins remained in the absorbed fluid for any of the cells of the birds 
tested, except for those of Pearlneck. From this result we may say that the 
species hybrid in this cross probably does not possess quite all of the anti- 
gens of the Pearlneck parent, but that it does contain both the d-6 and d-11 
antigens, as proposed above. The cells of three birds (D820V, E11P and U) 
seemingly were identical in antigenic composition with those of the F;, as 
shown by the reciprocal interactions (where made) of their respective cells 
and reagents. The cells of these three birds should then have contained 
both d-6 and d-11, and the results following their use in respective absorp- 
tions show that this was the case. 

By the same process of analysis, it is seen from the reactions given in 
table 2 that the cells of 820H contained substance d-6 but not d-11, while 
d-11 but not d-6 was found in the cells of 820L, Z and E11B. Similar tests 
with the cells and the reagents for E11J, K, V and Z established the pres- 
ence of d-11 in these cells and their antigenic homology with 820L and Z; 
the details of these tests are not given in the table. 

It is probable that the faint reactions noted for the cells of 820A, Vs, 
E11N and Dz were due to one or more Pearlneck substances other than 
d-6 and d-11, since the reagents for the cells of these four different in- 
dividuals readily agglutinated both tester substances, d-6 and d-11. Con- 
versely, the reagents for d-6 and d-11 produced faint but definite aggluti- 
nation with each of these different cells, thus practically eliminating the 
possibility that there had been a fractionation of either of these characters 
and that a part of one or the other was responsible for the faint reactions 
shown for them (first column of data in table 2). 

Furthermore, since the reagent for d-6 agglutinated the cells of 820H, 
which contained d-6, and that for d-11 also agglutinated the cells ceatain- 
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ing d-11 but not d-6, as 820L, Z, E11B, etc., we must ascribe to these cells 
of the different birds tested another property specific to Pearlneck than the 
two recognized (d-6 and d-11). As described above, those respective re- 
sults differ from the reciprocal tests, since the reagents for each of the 
backcross individuals whose cells contained d-11 failed to agglutinate the 
“tester” cells for d-11. We are unable at present to say whether or not this 
additional substance is a part of one of the known unit components of 
Pearlneck (as contrasted with Ring dove). 

Exclusive of this unknown character, which is temporarily designated as 
the “X” constituent, the birds of the backcross offspring may be grouped 
in the four classes as proposed above: 


Cells containing 
neither 
d-6.d-11 d-6 d-11 d-6 nor d-11 


Number of birds 3 I 7 4 


These are reasonably close to the equality in numbers expected in each of 
the four classes, as proposed above. One bird (820L), whose cells contained 
the d-11 and not the d-6 character, produced offspring of the second back- 
cross generation, in mating to Senegal. The expectation would be that the 
progeny would consist of two classes with approximate equality: those 
with and those without the d-11 component. Actually, of nine birds raised, 
three possessed this character and six did not. And since the cells of 820L 
contained the “X” substance as well as d-11, four kinds of cells would be 
expected in its backcross progeny. The actual findings follow: 


Cells containing 
neither 
d-11.°X” d-11 “Xx” d-rz nor “X” 





| Number of birds 2(or1) 1 (or2) 3 (or 4) 3 (or 2) 


| Because of the faint reaction usually typical of the “X” substance, there 
was uncertainty in classifying its presence or absence in the cells of four 
birds, and the number in these four groups is, therefore, more or less tenta- 
tive. 


INTERRELATIONSHIPS OF PEARLNECK, RING DOVE AND SENEGAL 


Evidence has been presented above that Pearlneck and Senegal share 
many genetic characters (cellular) which are not found in Ring dove. If 
Senegal also possesses either all or the majority of the substances common 
to Pearlneck and Ring dove, there would be but little question that Pearl- 
neck and Senegal were more closely related than Pearlneck and Ring dove. 
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This relationship can be tested in agglutinations following the respective 
absorptions by Senegal cells of anti-Pearlneck and anti-Ring dove sera. 
The results from these tests are at variance, for although the various Pearl- 
neck antisera, absorbed by Senegal cells, did not agglutinate Ring dove 
cells, Pearlneck cells are agglutinated by Ring dove antiserum when ab- 
sorbed by Senegal cells. These Pearineck antisera were seemingly alike in 
that they each lacked the one or more agglutinins for the part of the Pearl- 
neck antigenic complex common to Ring dove but not common to Senegal. 

Utilizing the interactions with Senegal and Ring dove cells following the 
absorption by Pearlneck corpuscles of antiserum for each of these two spe- 
cies, as given in table 1, we note that Senegal and Ring dove have in com- 
mon probably a minor part of their respective antigenic complexes to the 
exclusion of Pearlneck. 

Thus in Pearlneck, in comparison with Senegal and Ring dove, a part 
of the antigens are found only within the species; the remainder are shared, 
in varying proportions, with Ring dove only (probably), with Senegal only 
and with both Ring dove and Senegal. A similar complex exists for both 
Ring dove and Senegal, since each contains antigens specific to itself, and 
shares other antigens with the other two species, singly and together. 

If more related species were used in these comparisons, would it be found 
that any single species possessed antigens peculiar to itself alone; that is, 
not shared in any other species? Or might the antigens, as of Pearlneck, be 
simply a composite sample of certain of those found in several other spe- 
cies? Pearlneck then would differ from these other species only in being a 
different combination of antigens (genes), all of which were present in a 
group of related species. Data pertinent to this question will be considered 
elsewhere. 


DISCUSSION 


The experiments described in this paper represent essentially the agree- 
ment between probable relationships between two species, as deduced sim- 
ply from immunological tests, and the results obtained when this relation- 
ship was tested genetically. Having given “tester” cellular characters, by 
which Pearlneck differs from Ring dove, and having found that a part of 
the specific antigenic pattern of Pearlneck is shared with a third species, 
Senegal, the next step was to determine which of each of the ten specific 
characters of Pearlneck was contained wholly or in part in the cells of Sen- 
egal. It was found that all or nearly all of eight of the ten antigens specific 
to Pearlneck, and only a part of the other two substances (d-6 and d-11) 
were present in Senegal cells. The offspring of hybrids between Pearlneck 
and Senegal, when backcrossed to Senegal, should then be of the four dif- 
ferent types possible following the segregation of these two characters. 
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The actual findings on the cells of the offspring were in accordance with the 
expectation. These results give added confidence that similar comparisons 
between species are an index of the genetic relationships between them, 
even though hybridization may not be possible between the species being 
compared. 

These findings show very clearly that the characters (therefore the cau- 
sative genes) by which one species (Pearlneck) differs from another (Ring 
dove) may be shared at least in part by still a third species (Senegal). If 
the cellular characters specific to Pearlneck, as contrasted with both Ring 
dove and Senegal, are shared with one or more other species, our concept 
of the genetic make-up of this species would be that it was simply a peculiar 
combination of genetic characters which were present in several different 
species. The other possibility would be that some species, perhaps all, 
possess genetic characters particular only to themselves. Experiments de- 
signed to provide an answer to this problem will be reported in other 
papers. 

Because of the relationship shown to exist between the Pearlneck and 
Senegal species, and of both of these to Ring dove, another possibility in 
the analysis of the genetic relationships between species is indicated. If 
hybrids can be obtained between Senegal and Ring dove, in backcrosses to 
Ring dove there should eventually be produced in unit form the cellular 
characters specific to Senegal. Many of these should presumably be indis- 
tinguishable from, and, therefore, presumably identical with, the unit char- 
acters of Pearlneck. The questions eventually to be answered are, then, 
whether each unit substance of Pearlneck is also a unit-substance of Sene- 
gal, or whether any two or more, or parts of the respective Pearlneck char- 
acters behave as units in Senegal. Considerable progress has already been 
made in the production of the backcross progeny of this cross. Future re- 
ports will deal with the segregation of specific Senegal characters observed 
among them. 

SUMMARY 


All or nearly all of eight, and only a part of the remaining two of the ten 
specific cellular characters of Pearlneck, not in Ring dove, are indis- 
tinguishable from and presumably are identical with antigens present in 
the cells of Senegal. The expected segregation of the Pearlneck characters, 
not present im toto in Senegal, was observed in the offspring of backcrosses 
to Senegal of the species hybrid (Pearlneck X Senegal). There appeared to 
be still a third character, in addition to these two recognizable constitu- 
ents, which differentiated Pearlneck from Senegal. 
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